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Rail  Wear  Tests  on  the  St.  Louis-San  Francisco  Railway 

INTRODUCTION 

Some  maintenance  people  have  questioned  the  effectiveness  of  locomotive  flange  or 
track  lubricators  in  preventing  rail  wear  on  curves  under  heavy  sanding  conditions.  The 
Reading  Company  has  conducted  tests  which  have  shown  that  lubricated  rails  wear 
slightly  more  than  dry  rails  under  these  conditions,  presumably  because  the  grease  and 
sand  mixture  acted  as  a  grinding  compound.  Their  tests  also  showed  a  large  reduction  in 
weir  using  molybdenum-disulphide  stick  flange  lubricators  en  their  locomotives.  Their 
results  with  track  lubricators  are  contrary  to  those  obtained  in  the  AAR  tests  on  the 
Bessemer  &  Lake  Erie  Railroad   (AREA  Proceedings,  Vol.  56,  page  269). 

Since  this  subject  is  of  interest  to  many  roads,  tests  were  started  in  cooperation  with 
the  St.  Louis-San  Francisco  Railway,  which  has  appropriate  conditions  for  conducting 
such  a  study.  B.  H.  Crosland,  chief  engineer,  and  O.  E.  Fort,  assistant  chief  engineer. 
arranged  for  the  necessary  facilities  and  assistance  for  conducting  these  tests. 

Procedure 

Two  curves  on  the  Frisco's  single-track  main  line  north  of  Birmingham,  Ala.,  were 
-elected  for  the  test.  They  are  slightly  over  a  mile  apart,  have  had  very  rapid  rail  wear 
under  nearly  identical  conditions,  and  are  in  a  location  of  heavy  sanding.  Table  1  and 
Fig.  1  give  the  details  of  these  curves.  Curve  C-717-36  to  718-12,  which  had  a  slightly 
lower  rate  of  wear  in  past  service,  was  used  without  lubrication.  Curve  C-719-26  to 
719-35  initially  had  a  Meco  single-rail  lubricator  using  graphite  grease  at  the  far  end 
of  the  two  curves.  Since  the  two  curves  are  of  opposite  direction,  there  was  no  carry- 
over of  lubricant  from  the  high  rail  of  the  lubricated  curve  to  the  high  rail  of  the  dry 
curve.  Moly-disulphide  was  also  tried  on  the  lubricated  curve.  Use  of  locomotive  Qange 
lubricators  was  not  feasible  because  of  the  large  number  of  locomotives  operating  over 
the  test  curves. 

The  effectiveness  of  the  lubrication  will  be  gaged  by  taking  rail  profiles  (transverse 
section)  at  various  intervals  of  time.  They  will  show  the  amount  of  steel  worn  from 
the  heads  of  the  rail.  Profiles  of  both  high  and  low  rails  will  be  taken  at  intervals  of 
six  poles  along  the  circular  portion  of  the  dry  curve  and  at  intervals  of  four  poles  along 
the  circular  portion  of  the  lubricated  curve.  Gage,  elevation  and  curvature  of  the  high 
rail  will  also  be  measured  at  each  point  where  a  contour  is  taken. 

The  test  work  by  the  AAR  research  staff  is  under  the  general  direction  of  VY  M 
Keller,  vice  president  research,  and  G.  M.  Magee,  director  of  engineering  research.  Ran- 
don  Ferguson,  electrical  engineer,  is  in  direct  charge  of  the  tests,  assisted  by  R.ilph 
Schinke,  stress  analyst.  G.  E.  Warfel,  division  engineer.  Frisco,  arranged  for  maintenance 
of  the  lubricator  and  will  obtain  data  on  the  gross  traffic  tonnage  which  will  operate 
over  the  test  curves  between  contour  measurements.  H.  V.  West,  Jr.,  Maintenance  Equip- 
ment Company,  and  N.  H.  Dohm,  Railroad  Products  Division,  American  Brake  Shoe 
Company,  inspected  and  approved  the  lubricator  installation  alter  it  \\  i>  changed  over 
from  two-rail  to  one-rail  operation  on  March  4,   1Q5°. 

New  rail  was  laid  on  the  high  sides  of  the  test  curve-  on  January  20  and  21,  i'^,j 
The  first  set  of  profiles  was  taken  on  March  5.  l°5n.  NO  significant  difference  in  wear 
between   the   two   curves   Was   observed   during   this  short    time   interval. 
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Table  1 — Test  Curve  Data 

Main    Line    North    of    Birmingham,   Ala.   Single    Track,    132    RE    Rail    Section 
Curve  C-7 17-36  to  718-12 
No  lubrication. 
8°  12'  curvature,  left  hand. 

3  in  elevation. 

30  mph  allowable  speed. 

128°  52'  central  angle. 

1.05  percent  grade,  ascending  southbound. 

New  high  rail  laid  January  21,  1050. 

Old  high  rail  gave  22  months  of  service. 

Curve  C-719-26  to  719-35 

Lubricated  by  Meco  single-rail  lubricator  at  Mile  Post  C-720-0  (top  of  grade). 
Texaco  004  graphite  grease.  Changed  over  from  two-rail  lubricator  on  March  4,  1959. 
8°  30'  curvature,  right  hand. 

4  in  elevation. 

35  mph  allowable  speed. 

73°  57'  central  angle. 

1.0  percent  grade,  ascending  southbound. 

New  high  rail  laid  January  20,  1959. 

Old  high  rail  gave  19  months  service. 

FIFTH  PROGRESS  REPORT* 

The  sixth  set  of  profiles  was  taken  on  March  8,  I960.  These  profiles,  along  with  the 
first  set,  are  shown  on  Figs.  2,  3  and  4.  The  profiles  continue  to  show  significantly  less 
rail  wear  on  the  curve  with  the  track  lubricator  than  on  the  curve  with  no  lubrication. 
The  high  rail  of  the  curve  with  no  lubrication  (Fig.  2)  was  changed  out  on  March  8, 
I960,  after  14  months  of  service,  since  the  wear  had  reached  a  point  where  it  was  eco- 
nomical for  relaying.  The  high  rail  of  the  curve  with  the  track  lubricator  (Fig.  3)  i- 
expected  to  give  at  least  twice  this  length  of  service  before  the  same  amount  of  wear 
occurs.  The  testing  of  this  curve  will  continue  without  change. 

In  order  to  test  the  effectiveness  of  molybdenum-disulphide  as  a  rail  lubricant,  ap- 
plications of  moly  in  the  stick  form,  designed  for  locomotive  flange  use,  were  made  to 
the  new  high  rail  of  the  curve  which  was  previously  unlubricatcd.  These  applications 
were  made  from  spring-loaded  holders  on  a  motor  car  two  or  time  times  a  week.  These 
sticks  have  a  very  hard  binder  because  they  are  designed  to  deposit  the  moly  at  .i  slow 
rate  when  in  continuous  contact  with  a  locomotive  wheel  flange.  Because  of  their  hard- 
ness, not  enough  of  the  moly  can  be  applied  in  this  testing  application  to  effectively 
cover  the  side  of  the  head  of  the  rail  with  the  limited  time  and  manpower  available. 
Fig  \  shows  that  the  wear  rate  with  this  very  limited  amount  of  stick  application  is  not 
significantly  different  than  the  wear  rate  on  this  same  rail  when  unlubricated.  The  side 
"i  the  heid  of  the  high  rail  has  the  rough,  abraded  appearance  which  i-  typical  of  un- 
lubricated rail.  Rectangular  blocks  of  larger  cross  section  have  been  substituted  for  the 
cylindrical  sticks,  but  they  do  not  appear  to  be  any  more  effective.  The  suppliers  of  these 
sticks  were  asked  to  make  up  blocks  with  a  wax  binder  of  crayon-like  hardness.  Such  a 

composition  might  deposit  a  coaling  of  uniform  thickness  with  a   single  pass  of  tin-  motor 
car.   The    railroad    is    continuing    the   applications    <>l    the    hard    block    material   at    present 

I  hi-  is  the  first  published  report 
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3°  12'  Curvature,   3  Inch  Elevation  -  High  Rail  Laid  January  21,   1959 
First  Profile  March  5,    1959 
Sixth  Profile  March  8,   1960  -  High  Rail  Changed  Out 


Gage 


High  Rail 


Mile  Pole  717+41 


Gage 


Mile  Pole  718+0 


Gage 


Mile  Pole  718+1 
Fig.   2 — Rail  profiles,   curve  C-717-36  to   718-12,  no  lubrication. 
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i°  12'  Curvature,  3  Inch  Elevation  -  High  Rail  Laid  January  21,    1959 
First  Profile  March  5,   1959 
Sixth  Profile  March  8,   1960  -  High  Rail  Changed  Out 


Gage 


Mile  Pole  718+2 


Gage 


Mile  Pole  718+3 


Gage 


Mile  Pole  718+4 


Fig.   2   (Continued) 
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i°  30'  Curvature  4  Inch  Elevation  -  High  Rail  Laid  January  20,   1959 
First  Profile  March  5,   1959 
Sixth  Profile  July  21.    1960 


Gage 


Mile  Pole  719+28 


Gage 


Mile  Pole  719+29 


High  Rail 


Gage 


Mile  Pole  719+30 
Fig.   3 — Rail  profiles,   curve   C-719-26   to   719-35,  track  lubricator. 
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30'  Curvature,  4  Inch  Elevation  -  High  Rail  Laid  January  20,   1959 
First  Profile  March  5,   1959 
Sixth  Profile  July  21,   1960 


Gage 


Mile  Pole  719+31 


Fig.   3   (Continued) 
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8     12'  Curvature,  3  Inch  Elevation  -  High  Rail  Laid  March  8,   1960 
First  Profile  July  21,   1960 


Low  Rail 


Gage 


Mile  Pole  717+41 


Low  Rail 


I 


Gage 


Mile  Pole  718+0 


Gage 


Mile  Pole  718+1 
Fig.  4— Rail  profiles,  curve  C-717-36  to  718-12,  moly-disulphide  lubricated. 
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8°  12'  Curvature,   3  Inch  Elevation  -  High  Rail  Laid  March  8,   1960 
First  Profile  July  21,   1960 


Mile  Pole  718+2 


Gage 


Gage 


Mile  Pole  718+3 


Low  Rail 
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Mile  Pol«  718+4 


Gage 


Fig.   4    (Continued) 


European  Maintenance  of  Way  Practices 

INTRODUCTION 

In  the  fall  of  195°,  Ray  McBrian,  director  of  research,  Denver  &  Rio  Grande  West- 
ern Railroad,  and  past  president  of  the  AREA,  visited  for  the  second  consecutive  year 
various  railroads  and  industries  in  Europe  to  learn  of  recent  developments  that  might 
be  of  value  to  his  railroad.  On  both  occasions,  upon  the  specific  request  of  the  AREA 
Board  of  Direction,  Mr.  McBrian  consented  to  act  as  official  emissary  of  the  AREA  in 
his  contacts  with  European  railway  officers.  Following  his  return  from  his  1°59  trip,  Mr. 
McBrian  prepared  a  voluminous  report  entitled  Research  and  Developments  of  European 
Industries  and  Railroads,  which  included  considerable  data  on  maintenance  of  way  prac- 
tices, materials,  and  machines  on  the  European  railways.  An  abstract  of  these  data  are 
presented  in  the  following.  Also  included  is  a  description  of  the  organization  and  proce- 
dures of  the  Office  for  Research  and  Experiments  of  the  International  Union  of  Rail- 
ways. 

MODERN  FRENCH  RAILWAY  TRACK  STRUCTURE 

The  French  Railways  have  found  through  their  research  studies  that  railway  track 
laid  in  traditional  ways  is  subject  to  destructive  forces  which  quickly  increase  with  in- 
creasing loads  and  speed.  These  forces  include:  (1)  hammerblows  of  the  wheels  on  the 
rail  ends  at  joints,  and  (2)  high-frequency  vibrations  generated  by  rolling  loads,  mostly 
as  consequences  of  irregularities  on  the  surfaces  of  the  rail  and/or  wheels. 

Since  these  forces  increase  considerably  with  increased  speed,  high  speeds  make  the 
maintenance  of  traditional  tracks  costly.  Joints  are  more  violently  hammered  and  rail 
renewals  are  far  more  frequent  on  high-speed  tracks.  Corrections  of  irregularities  in  level 
and  alinement  must  be  made  more  frequently  and  accurately  since  these  defects  increase 
dynamic  stresses. 

\  ibrations  in  the  various  track  components  are  also  responsible  for  considerable  wear 
and  for  progressive  disintegration  of  the  whole  rail  and  tie  assembly.  The  destructive 
effect  of  shocks  at  joints  has  been  observed  ever  since  the  first  rails  were  laid.  It  is  only 
recently  that  the  high-frequency  vibrations  which  originate  in  the  rails  as  a  result  of  the 
rolling  of  steel  on  steel  have  been  detected,  and  their  destructive  consequences  analyzed 
and  thoroughly  studied.  In  fact,  it  was  these  studies,  conducted  on  a  scientific  level  since 
1Q45,  which  supplied  the  data  for  a  new  design  of  track  exemplified  by  the  latest  track 
construction  on  the  French  railways,  which  employs  continuous  welded  rail  and  doubly 
flexible  rail  fastenings  throughout. 

Accelerations  of  over  100  g  (g  =  gravity)  have  been  recorded  in  rails  vibrating  un- 
der trains  passing  at  75  mph.  During  tests  at  a  speed  of  .WO  kph  (205  mph)  acceleration 
in  the  rails  was  found  to  be  over  305  g. 

The  basic  French  solution  to  the  problem  of  minimizing  the  destructive  effects  of 
high-frequency  vibrations  is  based  on  proper  dampening  and  of  suppressing  all  dynamic 
play  in  the  rail  and  tie  assembly.  This  is  accomplished  by  the  use  of  a  doubly  flexible 
fastening  of  the  rail:  a  corrugated  (herringbone  seems  to  be  the  best  pattern)  rubber 
tie  pad  (the  characteristics  of  which  have  to  be  carefully  noted)  lies  under  the  rail, 
and  a  flexible  clip  (spring  steel)  with  a  high  fastening  stress  (increase  of  stress  under 
tightening  following  a  non-linear  law)    keeps  the  rail  on  the  tie  pad. 

Both  flexible  elements  arc  complementary  and  have  been  designed  as  such  SO  as  to 
constitute  a  genuine  suspension  of  the  rail  on  the  tie.  Dynamic  play  is  avoided,  while 
slight  movements  (a  tVu  tenths  of  a  millimeter)  are  permitted,  This  assemblj  dampens 
dangerous  vibrations. 

115 


116  Eur  o  p  e  a  n    M  a  in  t  en  a  n  c  e   o  f   W  a  y    Practices 


More  than  30  million  fastenings  of  this  kind  have  already  been  laid  in  France  since 
1047  on  high-speed  tracks,  as  well  as  on  numerous  tracks  in  other  European  countries. 

While  the  French  doubly  flexible  fastening  was  designed  primarily  for  suppressing 
or  dampening  high-frequency  vibrations  in  the  rails,  and  lessening  their  destructive  ac- 
tion, its  main  result  has  been  to  solve,  in  a  practical  and  economical  way,  the  problem 
presented  by  rail  joints.  This  fastening  does  away  with  all  longitudinal  movements  be- 
tween the  rail  and  tie  and  therefore  puts  a  stop  to  rail  creep,  in  either  direction  and  for 
whatever  reason.  Consequently,  both  of  the  causes  of  rapid  track  deterioration,  i.e.,  high- 
frequency  vibrations  and  hammer  blows  at  joints,  are  eliminated  at  the  same  time. 

The  knowledge  of  dynamic  phenomena  acquired  while  developing  the  proper  doubly 
flexible  fastening  led  the  French  Railways  to  the  investigation  of  a  combination  steel- 
and-concrete  tie. 

As  soon  as  concrete  is  protected  from  shocks  and  vibrations  by  doubly  flexible 
fastenings,  all  that  is  then  necessary  is  to  extend  the  principle  of  flexibility  to  the  tie 
itself,  thus  avoiding  the  otherwise  unavoidable  causes  of  breakage  inherent  in  the  one- 
piece,  or  rigid  tie. 

French  experiments  with  ties  of  mixed  type  long  ago  proved  that  concrete  blocks 
placed  under  each  rail  do  not  suffer  by  reason  of  uneven  positions  in  the  ballast,  and 
owing  to  their  compact  and  solid  shape,  can  resist  traffic  fatigue. 

On  the  other  hand  the  dynamic  movements  created  by  heavy  express  trains  do 
cause  alternate  bending  movements,  increasing  rapidly  in  proportion  to  the  length  of 
the  concrete  pieces  supporting  the  rails.  This  leaves  little  hope  of  designing  successful 
transverse  or  longitudinal  concrete  ties,  whether  prestressed  or  not,  at  a  conpetitive  price, 
if  any  dimension  exceeds  32  in. 

The  tie  designed  by  the  French  Railway  consists  of  two  solid  concrete  blocks 
which  support  the  rails,  tied  together  with  a  light  and  flexible  rolled-steel  connection. 
Under  any  conditions  of  balance  on  the  ballast  the  working  conditions  of  the  two  blocks 
are  unaltered.  Thanks  to  flexible  fastenings  and  rubber  tie  pads,  the  concrete  is  pro- 
tected from  dynamic  action.  Fastening  bolts  are  anchored  in  the  steel  tie-bar,  and  not 
in  the  concrete,  a  method  which  is  superior  to  other  anchorings  that  have  been  tried, 
such  as  wooden  inserts. 

In  track  near  Coigneres  I  had  an  opportunity  to  see  the  new  type  concrete  ties  being 
tested  and  also  some  of  the  results  of  wear  and  time  on  them.  One  observation  was  that 
corrosion  of  the  steel  tie  bar  between  the  two  concrete  blocks  in  some  cases  was  very 
severe  after  5  to  8  years  in  track.  Abrasion  wear  of  the  steel  bar  was  also  very  notice- 
able. I  was  advised  that  this  year  (1959)  corrosion-resistant  tie  bars  were  being  utilized 
in  the  hope  of  minimizing  this  corrosion  problem.  Estimated  life  of  the  concrete  ties  was 
40  years.  It  was  planned  to  have  the  maintenance  periods  of  heavy-traffic  track  every 
four  years  and  of  light-traffic  track  every  five  years. 

One  most  interesting  observation  was  on  the  protection  and  increasing  the  life  of 
insulated  joints.  The  best  type  of  insulation  found  by  the  research  of  the  French  Na- 
tional Railroads  was  synthetic  bakelite  or  resin.  To  protect  the  joint  from  excessive 
wear,  a  fiat  steel  strap  is  used  to  anchor  three  ties  on  both  sides  of  the  insulated  joint. 
The  strap  is  bolted  to  each  tie,  the  spacing  remaining  the  same. 

Maintenance  economies  are  obtained  by  the  use  of  flexible  fastenings  which  do  not 
require  retightening  and  hence  need  no  particular  maintenance.  The  weight  of  the  con- 
crete blocks  and  the  large  bearing  surfaces  which  they  afford  directly  under  the  rails 
ensure  a  stability  of  level  better  than  wooden  or  steel  ties.  The  elimination  of  bolted 
joints  alone  is  responsible  for  a  saving  of  more  than  a  third  of  maintenance  costs. 
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In  France  a  record  of  economies  in  maintenance  has  been  made  by  comparing  two 
recently  laid  tracks,  one  traditional  and  one  welded,  the  latter  producing  a  saving  of 
60  percent  over  the  traditional  track.  This  difference  is  expected  to  become  still  larger 
when   the  bolted  joints  start   to  age  and  weir. 

(Text  continued  on  pu^r  122) 


French    National    Railways — Automatic   ballast    cleaning. 


French    National    Railways — Measured    shovel   packing. 
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French  National  Railways — Hauling  long  lengths  of  welded  rail. 
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French  National  Railways — Unloading  welded  rail. 


French  National   Railways — Elastic   fastening  on  welded  rail. 
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French  National  Railways-Welded  rail  and  combination  steel 
and  concrete  ties. 
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French  National  Railways — One  type  of  fastening  with  concrete  ties. 


French  National  Railways — Elastic  clips  for  wood  ties. 
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GERMAN  FEDERAL  RAILWAYS 

General  Items 

The  German  Federal  Railways  have  developed  procedures  in  laying  continuous 
welded  rails  that  permit  them  to  lay  the  rail  at  any  temperature  rather  than  to  wait 
until  periods  when  "neutral"  temperatures  prevail.  They  generate  stresses  in  the  rail 
with  the  aid  of  a  clamping  device,  or  heat  the  rail  artificially  with  the  aid  of  heating 
tubes,  or  if  the  temperature  is  too  high,  they  artificially  cool  the  rail  by  means  of  a 
cooling  agent.  The  objectives  of  these  procedures  is  to  lay  the  rail  in  lengths  and  with 
internal  stresses  similar  to  what  it  would  have  if  laid  at  a  "neutral"  temperature. 

Another  item  of  interest  observed  on  the  German  Railway  was  the  method  of  deal- 
ing with  broken  rails  to  permit  their  continued  use.  They  install  on  both  sides  of  the 
rail  fracture  10  anticreep  devices  designed  to  withstand  both  tensile  and  compressive 
forces,  whereas  in  this  country  we  usually  apply  joint  bars. 

The  German  roads  estimate  that  by  use  of  continuous  welded  rail,  the  service  life 
of  ties  and  rail  are  increased  by  20  percent,  along  with  extended  maintenance  cycles. 

Concrete  Ties 

Concrete  ties  have  been  used  by  the  German  Federal  Railways  for  some  10  years. 
Large  scale  tests  were  conducted  between  1949  and  1953  to  develop  a  satisfactory  mono- 
lithic prestressed  concrete  tie.  One  direction  was  towards  designs  using  two  tensioned 
steel  rods  without  bond  and  with  end  anchorage.  The  other  was  towards  designs  using 
four  cross-ribbed  tension  rods  with  complete  bond  in  the  concrete. 

From  these  service  tests  it  was  found  that  greater  resistance  to  impact  blows  caused 
by  derailed  wheels  and  a  larger  bearing  surface  of  the  concrete  tie  were  necessary.  The 
following  types  of  ties  are  now  permitted:  (a)  tie  with  four  tension  rods,  with  applica- 
tion of  prestressing  to  the  mold;  (b)  tie  with  four  tension  rods  post  tensioned,  per- 
mitting immediate  de-molding;  (c)  tie  with  eight  prestressed  wires  with  application  of 
prestressing  to  the  molds;  (d)  tie  with  four  special  types  of  high-tensile  steel  rods  with 
application  of  prestressing  to  the  mold. 

Mostly,  the  GEO  type  or  "A"  type  system  of  securing  the  rail  to  the  tie,  with  a 
ribbed  plate,  are  used.  Poplar-wood  pads  are  inserted  between  the  rail  base  and  tie  plate, 
and  double  spring  washers  with  lag  screws  provide  permanent  and  slightly  resilient  hold- 
ing power.  The  screws  are  screwed  into  corrugated  beech- wood  dowels  impregnated  with 
asphalt  or  tar.  Electrical  resistance  is  provided  for  by  the  application  of  a  bituminous 
coating  on  the  upper  surface  of  the  tie  and  the  plate. 

Acceptance  tests  are  quite  rigid,  and  the  manufacturers  of  concrete  ties  are  required 
to  guarantee  each  tie  against  any  defects  in  manufacture  until  the  end  of  the  second 
calendar  year  following  the  year  of  installation.  However,  the  number  of  ties  being 
rejected  and  replaced  under  this  guarantee  is  very  low;  they  stated  that  it  is  less  than 
0.001  percent  of  the  total  number  of  ties  manufactured.  In  the  majority  of  failures,  it 
was  found  that  defects  occurred  during  prestressing  which  later  on  resulted  in  bending 
cracks  in  the  center  section  of  the  tie. 

The  people  on  the  German  Federal  Railways  stated  that  they  consider  the  present 
concrete  tie  to  have  reached  such  sound  technological  development  that  it  can  hardly 
be  surpassed.  They  have  developed,  they  feel,  the  best  possible  in  shape,  dimensions, 
and  properties.  The  first  cost  (about  4.75  American  dollars)  compared  favorably  with 
the  cost  of  other  types  of  ties. 
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From  an  engineering  standpoint,  they  are  convinced  that  the  concrete  tie  has  be- 
come one  of  the  most  valuable  parts  of  the  permanent  way  structure,  contributing  sub- 
stantially to  reductions  in  maintenance  of  waj  expenses  and  to  increased  operating 
efficiency. 

Track  Maintenance  Power  Tools  and  Machines 

Power-operated  track  maintenance  tools  are  used  extensively  on  the  German  Rail- 
ways to  replace  manual  labor.  Typical  machines  I  saw  were: 

A  self-propelled,   track-mounted   ballast-cleaning  machine. 

A  crawler-mounted  ballast  cleaner  used  for  ballast  cleaning  near  platforms  or  other 
places  of  unfavorable  working  conditions,  such  as  in  cuts  or  where  clearances  are  close. 

Mechanized  equipment  used  for  handling  and  laying  welded  rail. 

Vibrators  for  compacting  ballast.  Ballast,  shoulders  are  compacted  by  a  special 
shoulder  vibrator. 

With  concrete  ties  being  used  extensively  on  the  German  Federal  Railways,  special 
equipment  has  been  designed  for  handling  the  ties,  which  weigh  approximately  450  lb. 
The  layers  used  run  on  work  rails.  Special  trailer  cars  are  used  to  haul  the  concrete  ties 
by  motor  car  to  the  location  of  laying,  making  the  stacking  or  piling  of  concrete  ties 
unnecessary.  Cranes  or  winches  are  used  to  unload  the  ties. 

In  such  places  as  station  platforms  or  other  inaccessible  locations,  the  concrete  tie 
is  placed  or  set  in  track  by  means  of  a  special  layer  fixed  to  a  freight  car  having  roller- 
type  conveyors. 

Light  and  manually  operated  cranes  are  used  to  set  long  welded  rails  into  place  at 
track  laying   locations. 

Track  tamping  is  performed  by  various  types  of  automatic  tampers,  either  the 
vibrating  type  or  the  direct-blow  type. 

A  great  number  of  power  generators  are  used  to  power  work  equipment,  varying  in 
capacity   from   15  to  40  kw. 

Hydraulically  powered  jacks  are  used  to  lift  track  for  cleaning;  ballast  packers,  track 
lifters,  ballast  scrapers,  rakes  and  removers  are  all  used  to  speed  up  track  work. 

Grinding  and  planing  machines  are  used  to  remove  burns  on  welded  rail.  Rail  seats 
on  bridge  timbers  and  wood  ties  are  made  by  electrically  powered  adzing  machines.  Rail 
power  saws  and  drills  are  used  for  maintenance  work.  Rail  corrugations  are  removed 
by  a  special  grinding  machine.  One  type  of  high-frequency  machine  drills  rail  web  holes 
in  a  very  short  time. 

Ultrasonic  detectors  are  used  to  inspect  and  detect  flaws  in  rail  and  switch  material. 
A  special  type  of  ultrasonic  test  car  has  been  built  for  this  purpose. 
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German  Federal  Railways — Automatic  pouring  of  concrete  for  ties. 


German  Federal  Railways — Finished  concrete  ties. 
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German   Federal   Railways — Track   oiler. 


German   Federal   Railways — Portable  unit   for  moving  cars. 


126 


E u r o p  e a n    M  a i n 1 e n a n c e    o I    W  a y    P r ac t i <  es 


SPANISH  NATIONAL  RAILWAYS 

While  making  the  trip  to  inspect  the  application  of  various  types  of  concrete  ties 
on  the  French  National  Railways,  a  maintenance  of  way  engineer  from  the  Spanish 
National  Railways  accompanied  us  to  study  French  maintenance  practices  which  might 
be  economically  applicable  in  his  own  country. 

He  gave  me  the  accompanying  photograph  showing  the  type  of  track  structure 
typical  of  Spanish  Railways,  with  J4-mile-long  welded  rails,  concrete  ties  with  steel  cross 
members,  doubly  flexible  fastenings,  and  rubber  tie  pads. 


Spanish   National   Railways — Typical   track   structure. 
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BELGIAN  ANDRIANNE  RAILS 

A  new  three-headed  design  of  rail  was  discussed  with  the  Andrianne  people  of  Bel- 
gium. Two  of  the  heads  rest  in  supports  while  the  third  is  used  as  a  running  surface. 
The  rail  can  be  rotated  so  the  "neutral"  heads  can  also  be  used  as  wear  surfaces  (see 
photograph).  The  manufacturer  recommends  that  these  rails  be  welded  and  used  in 
long  lengths. 

A  principle  feature  is  that  it  is  manufactured  by  the  extrusion  process,  the  same  as 
tubing.  We   were  given  a  cost  figure  of  .^7°  per  metric  ton. 

Many  claims  were  made  as  to  the  reduction  of  maintenance  costs  possible  with  this 
rail  and  its  greater  freedom  from  defects  due  to  the  fact  that  the  extrusion  process  re- 
sults in  cleaner,  more  homogeneous  metal  with  reduction  of  segregation  spots  and  con- 
siderable absence  of  residual  tensions.  Claims  were  also  made  that  the  design  reduces 
or  eliminates  transverse  fissures  because  the  flowability  of  the  tubular  rail  gives  a  larger 
ellipse  of  contact  and  results  in  considerably  less  stress  when  in  contact  with  the  wheel. 

This  design  was  introduced,  in  my  opinion,  as  a  novelty,  and  I  do  not  agree  that 
such  claims  are  justified.  However,  it  shows  that  European  railway  men  are  studying 
rail  design  and  production  methods  to  reduce  the  cost  of  rail. 


Belgian  extruded  three-headed  rail,   106-lb  section. 
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OFFICE   FOR   RESEARCH   AND   EXPERIMENTS,   INTERNATIONAL 
UNION  OF  RAILWAYS 

I  visited  the  headquarters,  at  Utrecht,  Holland,  of  the  Office  for  Research  and  Ex- 
periments (O.R.E.)  of  the  International  Union  of  Railways  (U.I.C.),  which  was  created 
in   104°  to  coordinate  the  research  efforts  of  the  European  railroads. 

After  the  war,  the  need  was  pressing  in  the  European  countries,  with  the  meagre 
financial  means  at  their  disposal,  to  overcome  the  wartime  regression  in  certain  sectors 
and  to  maintain  technical  progress  among  the  railways  at  the  highest  possible  level.  In 
order  to  do  this  it  was  necessary  to  curtail  the  dispersion  of  effort  and  to  bring  to  an 
end  a  situation  in  which  each  national  system  carried  on  its  own  research  work  without 
more  than  superficial  regard  as  to  what  was  being  done  in  other  countries.  It  was  neces- 
sary, in  brief,  to  unify  effort  and  to  organize  it ;  to  end  the  multiplicity  of  identical  or 
closely  related  research  projects  that  were  proceeding  simultaneously  on  the  different 
national  systems;  to  arrest  the  wastage  of  European  money  and  talent  deriving  from 
this  dispersion ;  and  to  concentrate  men  and  resources  upon  the  widest  possible  range 
of  urgent  and  varied  research  problems. 

The  Office  for  Research  and  Experiments  was  thus  born  and  takes  its  place  among 
the  other  offices  and  organizations  set  up  by  the  International  Union  of  Railways  as  a 
tool  indispensable  to  increased  productivity  in  research,  to  technical  progress,  and  to  the 
modernization   of  the   railways. 

The  objectives  of  O.R.E.  are  set  out  in  Art.  1  of  its  statutes,  which  defines  them 
as  follows: 

1.  The  pooling  of  the  results  of  the  research  and  trials  carried  out  by  the  differ- 
ent railways  and  the  distribution  among  its  members  of  the  necessary  technical 
documentation; 

2.  the  pooling  of  means  of  research; 

3.  the  carrying  out  on  joint  account  of  certain  investigations; 

4.  the  examination,  with  a  view  to  reduction  in  costs,  of  the  rationalization  of 
means  of  construction  and  of  the  possibilities  of  dividing  the  work  between 
the  industries  of  the  various  countries. 

These  objectives  are  far-reaching.  They  make  it  possible  for  all  necessary  studies 
to  be  undertaken  and  brought  to  a  satisfactory  conclusion,  the  cost  being  shared  among 
the  various  Member  Administrations. 

Four  main  projects  are  involved: 

1.  Documentation  of  the  Member  Administrations  in  the  technical  and  economic 
fields  under  review; 

2.  rationalization  of  the  manufacture  of  railway  supplies,  which  would  be  shared 
on   an   international   (European)    scale; 

3.  researches  and  trials  in  connection  with  the  technical  problems  entrusted  to 
O.R.E.  by  the  Board  of  Management  of  the  Internationa]  Union  of  Railways; 

4.  coordination   of  effort  and  of  resources. 

The  first  two  projects  call  for  no  special  comment.  Where  "researches  and  trials" 
are  concerned,  a  "conclusive  report''  would  be  required.  This  would  not  have  the  au- 
thority of  a  decision  but  would  serve  to  enlighten  the  Member  Administrations  and 
Commissions  of  the  International  Union  of  Railways,  and  to  guide  the  Board  of  Man- 
agement. It  is  the  duty  of  this  latter  body,  which  is  the  one  normally  responsible  for 
decisions   at   an   international   level,   to    formulate,   when    necessary,   any   new   regulations 
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called  for  by  the  findings  of  O.R.E.  and  to  make  them  applicable  to  international  traffic, 
working  always  through  the  Commissions  of  the  International  Union  of  Railways. 
O.R.E.  problems  are  divided  into  two  categories: 

1.  Problems  for  which  no  earlier  work  of  importance  has  been  done.  In  this  case 
one  Administration  might  be  delegated  to  carry  out  the  work.  It  would  employ 
its  own  specialists  and  engage  in  research  of  an  "individual"  character  until 
the  publication  of  a  progress  report,  which  would  mark  the  commencement  of 
joint  investigation.  While  this  procedure  cannot  properly  be  described  as  coor- 
dination, it  permits,  during  the  early  stages  (and  where  appropriate),  the 
reservation  of  proprietary  industrial  rights.  In  principle  it  applies  only  in  excep- 
tional cases. 

2.  Problems  upon  which  earlier  work  has  already  been  done  by  competent  spe- 
cialists in  several  Administrations.  In  this  case,  and  in  order  to  lend  them  the 
necessary  authority,  the  researches  assume  to  some  extent  the  character  of 
"collective  investigations."  O.R.E.  coordinates  and  develops  these  researches 
through  its  Specialist  Committees  which  submit  proposals  both  for  the  pro- 
gram and  for  the  rational  distribution  of  work  among  the  most  competent  and 
best  equipped  laboratories  and  testing  departments  in  the  various  Administra- 
tions. These  committees  are  jointly  responsible  for  the  examination  and  dis- 
cussion of  the  results  that  form  the  basis  of  the  conclusive  report  laid  before 
the  Board  of  Management  of  the  International  Union  of  Railways.  It  can  be 
iaid  that  this  procedure  of  "collective  investigation",  combined  where  necessary 
with  individual  researches  of  a  more  personal  character,  constitutes  the  general 
method  of  working  of  O.R.E. 

The  corporate  character  of  the  research  projects  results  in  certain  individual  fea- 
tures peculiar  to  the  work  of  O.R.E.: 

1.  So  far  as  possible  and  within  the  fields  of  investigation  covered,  the  situation 
must  be  avoided  whereby  Member  Adminstrations  concurrently  pursue  similar 
parallel  investigations  independently  of  each  other  (with  resultant  dissipation 
of  resources). 

2.  The  projects  must  be  of  a  sufficiently  general  character  for  all  Member  Ad- 
ministrations to  profit  by  them;  to  a  certain  extent  new  and  bold  solutions 
should  be  sought,  such  as  will  enable  the  railways  to  compete  with  other  forms 
of  transport. 

i.  They  must  be  conducted  so  they  do  not  require  further  work  or  research  when 
the  Member  Adminstrations  come  to  apply  the  results. 

4.  The  impartiality  and  integrity  of  the  investigations  must  be  such  as  to  be  above 
all   private   interests  of   individuals  or  individual   Administrations, 

5.  In  principle,  the  application  of  the  results  must  be  effected  by  the  use  of  such 
products  as  are  marketed  in   the  country   concerned. 

o.  Finally,  all  especially  noteworthy  reports  and  all  essential  results  must  be  dis 
seminated    as    widely    as   possible   among    the    Member    Administrations.    (Since 
three    languages   are   employed    by    O.R.E. — French,    English    and    German     this 
last  requirement  entails  a  heavy  demand  for  translations). 

With  regard  to  the  possibility  of  finding  the  required  products  on  the  market  in 
each  country,  it  should  be  noted  that  O.R.E.  attaches  importance  to  the  growing  tend- 
ency  toward  the  unification  and  integration   of   national   markets  into  one  vast  common 
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market.  It  was  with  this  object  in  view  that  O.R.E.  established  the  drawings  of  standard 
cars  and  has  already  made  contact  with  the  most  important  car  constructors  and  diesel 
locomotive  builders  in  Europe. 

Membership  in  O.R.E.  is  open  upon  application  to  all  Railway  Administrations  be- 
longing to  the  International  Union  of  Railways.  Others  may  be  admitted  subject  to 
approval   by   the   Board  of  Management  Union. 

The  number  of  Member  Administrations  of  O.R.E.  now  totals  29.  The  Member 
Administrations  are  the  following: 

French  National  Railways 

British  Railways 

German  Federal  Railways 

Polish  State  Railways 

Italian  State  Railways 

Swedish  State  Railways 

Spanish  National  Railway  Administration 

Jugoslav  Railways 

Austrian  Federal  Railways 

Belgian  National  Railways 

Finnish  State  Railways 

Norwegian  State  Railways 

Netherlands  Railways 

Portuguese  Railway  Company 

Swiss  Federal  Railways 

Danish  State  Railways 

Iranian  State  Railways 

Luxemburg  National  Railways 

Damas-Hama  Railway  Company  and  Extensions 

The  Great  African  Lakes  Railways 

The  Lower  Congo-Katanga  Railway  Company 

The  Office  for  Colonial  Transport 

International  Sleeping  Car  Company 

International  Railway  Company  for  Refrigerated  Transport 

The  German  Sleeping  Car  Company 

Distant  Member  Administrations  are: 

Indian  Railways 
Coras  Iompair  Eireann — Eire 
Canadian  National  Railways 
Japanese  National  Railways 

The  three  last  named  Administrations  joined  O.R.E.  during  1958. 

Subject  to  the  authority  of  the  General  Assembly  of  the  International  Union  of 
Railways  so  far  as  statutes  are  concerned,  the  control  of  O.R.E.  is  vested  in  the  Board 
of  Management  of  the  Union,  whose  duty  it  is  to  issue  general  directives  to  O.R.E.,  to 
ratify  its  program  of  work  and  sanction  expenditure,  and  to  make  technical  decisions  by 
which  the  Administrations  are  bound. 

Some  typical  problems  under  study  when  I  was  in  Europe  were: 

Passenger  and  freight  rolling  stock,  evaluation  of  dynamic  and  static  tests. 
Standardization  of  design  of  freight  cars. 
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Concrete  ties. 

Welded  Rail. 

Insulated  joints  lor  track  circuits. 

Safety  devices  for  rail  on  concrete  ties. 

Dynamic  forces  in  bridges. 

Locomotive  standardization  of  design. 

Roller  bearings. 

Lubricants  for  roller  bearings. 

Specifications  for  materials. 

Inspection  of  rail  by  non-destructive  methods. 

Draft  gears. 

Couplings. 

Protection  against  corrosion. 

Electrical  problems. 

Ballast. 

Reports  on  some  subjects  have  been  published,  and  I  was  advised  that  O.R.E. 
would  like  very  much  to  work  closely  with  American  railroads  and  would  make  avail- 
able to  the  Association  of  American  Railroads  any  data  they  might  request. 


The  Santa  Fe's   120-ft  floodlight  tower  at  Clovis,  N.   Mex. 


Advance   Report   of   Committee   6 — Buildings 
S.  G.  Urban,  Chairman 

Test  of   120-Ft  Santa  Fe  Railway  Floodlight  Tower 
A.  DIGEST 

This  report  contains  a  description  and  analysis  oi  a  field  tesl  <>n  a  120-lt  floodlight 
tower  in  the  Santa  Fe  Railway  yard  at  Clovis,  N.  Mex.  This  location  was  elected 
because  of  the  high  wind  velocities  thai  prevail  there.  Towers  similar  to  the  one  tested 
have  collapsed  under  wind  loading,  and  this  tesl  was  performed  to  obtain  data  on  the 
relation  between  wind  velocity,  stresses  in  the  tower  legs  and  displacement  of  the  top 
of  the  bower. 

The  results  of  the  test  can  be  summarized  as  follows: 

l  $3 
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1.  The  tower  continually  oscillated  during  wind,  generally  in  an  elliptical  path  and 
at  a  natural  period  of  vibration  of  0.8  cps. 

2.  The  wind  velocity  continually  increased  or  decreased.  These  changes  were  as  much 
as  15  mph  in  0.30  sec. 

3.  Wind  velocities  were  recorded  increasing  at  one  level  on  the  tower  and  at  the 
same  instant  decreasing  at  another  level.  Similar  differential  velocities  were  recorded  on 
the  north  and  south  side  of  the  tower  at  the  same  level. 

4.  Generally,  there  was  an  increase  in  the  mean  stress  in  the  tower  legs  with  an 
increase  in  wind  velocity.  This  stress  varied  approximately  as  the  square  of  the  velocity. 

5.  The  semi-amplitude  stresses  in  the  tower  legs  were  not  related  to  the  mean  stresses 
or  to  the  wind  velocities  but  apparently  are  related  to  the  frequencies  of  the  wind  gusts. 

6.  The  mean  stresses  in  the  tower  legs  at  the  40-  and  80-ft  levels  were  not  always 
proportional  to  the  mean  stresses  at  the  base,  reflecting  the  effect  of  unequal  wind  loads 
over  the  full   height  of  the  tower. 

7.  Recorded  wind  velocities  were  highest  at  the  134-ft  level  and  lowest  at  the  43-ft 
level.  Maximum  recorded  wind  velocity  was  12  mph. 

8.  The  displacements  of  the  tower  at  the  top  were  not  related  to  the  wind  velocities 
or   the  stresses  in  the  tower  legs.   Maximum  recorded  tower  displacement  was  0.47  ft. 

°.  The  maximum  stress  in  the  tower  legs,  maximum  semi-amplitude  stress,  wind 
velocity  and   tower  displacement   did  not  occur  simultaneously. 

10.  The  maximum  recorded  average  compressive  stress  in  a  tower  leg  was  7650  psi, 
which   is  slightly  more  than  half  the  allowable  stress. 

B.  FOREWORD 

The  assignments  of  Committee  6 — Buildings,  include  "Wind  Loading  for  Railway 
Building  Structures",  and  toward  the  fulfillment  of  this  assignment  the  AAR  research 
staff  arranged  to  conduct  tests  and  secure  data  on  a  floodlight  tower. 

This  report  contains  a  description  and  analysis  of  the  test  data  obtained  on  the 
120-ft  floodlight  tower  in  the  Santa  Fe  Railway  yard  at  Clovis,  N.  Mex.,  in  1958.  The 
tests  were  conducted  during  wind  velocities  between  10  and  72  mph.  Stresses  and  tower 
displacements  were  measured  during  forced  oscillations  of  the  tower  and  oscillations  due 
to  wind  loads.  Forced  oscillations  were  accomplished  by  having  a  man  on  top  of  the 
tower  applying  a  force  manually. 

The  tests  were  carried  out  under  the  general  direction  of  G.  M.  Magee,  director  of 
engineering  research,  Engineering  Division,  AAR.  The  funds  necessary  for  the  tests  were 
provided  by  the  AAR. 

The  conduct  of  the  tests,  analysis  of  data  and  preparation  of  the  report  were  under 
the  immediate  direction  of  E.  J.  Ruble,  research  engineer  structures,  Engineering  Divi- 
sion, AAR,  assisted  in  the  field  by  F.  P.  Drew,  assistant  research  engineer  structures  and 
M.  F.  Smucker,  assistant  electrical  engineer;  and  in  the  office  by  Mr.  Drew,  D.  W.  Wilki, 
chief  draftsman  and  J.  S.  Nardi,  assistant,  structural  engineer.  This  report  was  prepared 
by  Mr.  Nardi  and  Mr.  Drew. 

The  instruments  used  during  the  test  to  determine  the  stresses  in  the  various  mem- 
bers of  the  tower  consisted  essentially  of  two  12-channel  oscillographs  which  recorded 
the  strains  on  photographic  paper  in  response  to  SR-4  electrical  strain  gages.  AREA 
Proceedings,  Vol.  46,  1945,  page  201,  contains  a  detailed  description  of  the  oscillographs 
and  their  auxiliary  units.  The  SR-4  electrical  strain  gage  with  necessary  equipment  is 
described  in  the  AREA  Proceedings,  Vol.  52,  1951,  page  152.  Displacements  of  the  tower 
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Motion  picture  camera  with  24-in  telephoto  lens  used  to  record 
displacement  at  top  of  tower. 


were  determined  by  use  of  a  24-in  telescopic  lens  mounted  on  a  16-mm  motion  picture 
camera. 

The  anemometers  for  measuring  wind  velocities  were  of  lightweight  construction 
and  capable  of  recording  wind  velocities  from  0  to  100  mph  with  an  accuracy  of  ±  2 
mph  at  high  velocities. 

C.  LOCATION  OF  GAGES 

The  tower  tested  is  a  standard  120-ft  floodlight  tower  designed  and  fabricated  by 
the  Mississippi  Valley  Structural  Steel  Company  for  the  Santa  Fe  Railway.  The  general 
dimensions  of  the  tower  and  the  size  of  the  tower  legs  at  the  different  levels  are  shown 
in   Fig.   1. 

Three  SR-4  strain  gages  were  placed  2  ft  bl/2  in  above  the  base  of  the  tower  on  each 
tower  leg,  as  shown  on  Fig.  1.  In  addition,  three  SR-4  strain  gages  were  placed  on  the 
northeast  leg  of  the  tower  at  the  43-ft  8)4-in  and  82-ft  6'4-in  levels  of  the  tower. 
Throughout  this  report,  these  levels  will  be  referred  to  as  the  40-  and  80-ft  levels, 
respectively. 

Anemometers  were  placed  6  ft  out  from  the  legs  of  the  tower  on  the  north  and 
south  sides,  42  ft  and  83  ft  from  ground  level,  as  shown  in  Fig.  1.  In  addition,  oik 
anemometer  was  located  on  top  of  the  tower  134  ft  2  in  from  tin  ground  level.  The 
42-ft,  83-ft  and  134-ft  2-in  levels  of  the  anemometers  will  be  referred  to  ;i-  the  40  it. 
SO   ft   and   120  ft  or  top  of   the   tower,   respectively,   throughout    this   report 
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Anemometer  used  to  measure  wind  velocity. 


A  wind  direction  indicator  was  located  on  top  of  the  tower  130  ft  2  in  from  the 
ground  level.  The  indicator  was  connected  electrically  to  the  oscillograph  to  indicate 
wind  directions  of  N,  NE,  E,  SE,  S,  SW,  W  and  NW.  However,  during  the  test  the 
winds  were   predominantly   from   the  west  and   southwest. 


D.  TYPICAL  OSCILLOGRAM 

Fig.  2  represents  9  of  the  24  typical  oscillogram  traces  during  the  southwest  wind. 
The  numbers  of  oscillogram  readings,  0  to  65,  did  not  appear  on  the  original  oscillogram 
but  they  were  drawn  on  this  oscillogram  to  obtain  simultaneous  readings  of  velocity, 
tower  movement  and  stresses,  as  shown  on  Figs.  3  to  8,  incl.  . 

The  top  five  traces  represent  wind  velocities  from  the  five  anemometers  at  the  40-ft, 
cSO-ft  and  120-ft  levels  of  the  tower. 

Traces  A,  B,  C  and  D  represent  SR-4  strain  gages  located  on  the  tower  legs  at  the 
base  of  the  tower  as  shown  in  Section  AA,  Fig.  1.  Upper  and  lower  envelope  curves 
were  drawn  through  the  peaks  of  the  oscillations  as  shown  in  trace  A  for  the  northeast 
leg.  The  mean  curve  was  then  drawn  midway  between  the  upper  and  lower  envelope 
curves.  This  was  done  for  all  SR-4  strain  gage  traces. 

Mean  stress  was  then  defined  as  the  reading  from  the  base  line,  zero  stress,  to  the 
mean  curve,  and  semi-amplitude  stress  as  the  reading  from  the  mean  curve  to  the  upper 
or  lower  envelope  curve.  The  plottings  shown  on  Figs.  3  to  6,  incl.,  are  the  simultane- 
ous averages  of  the  three  gages  on  each  leg  of  the  tower. 
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Tower  displacements  were  recorded  by  using  a  motion  picture  camera  with  a  24-in 
telephoto  lens  mounted  on  a  frame  at  the  base  of  the  tower  and  a  target  with  hori- 
zontal and  vertical  scales  graduated  in  0.01 -ft  increments  mounted  on  the  underside  of 
the  tower  platform  at  the  120-ft  level.  Also  mounted  on  the  target  was  a  clock  with  a 
hand  making  one  revolution  in  approximately  10  sec,  and  a  light  bulb.  Every  revolution 
of  the  hand  on  the  clock  made  a  simultaneous  mark  on  the  top  of  the  oscillograms  as 
indicated  on  the  top  of  Fig.  2.  The  light  bulb  was  controlled  manually,  and  every  time 
the  switch  was  closed  to  light  the  bulb,  it  made  simultaneous  marks  on  the  bottom  of 
the  oscillograms  (not  shown  on  Fig.  2.)  Through  the  use  of  a  code  the  marks  from  the 
light  bulb  were  used  primarily  to  correlate  the  correct  oscillogram  runs  with  the  film 
runs.  However,  by  using  the  light  bulb  marks  on  the  top  of  the  oscillograms,  recorded 
tower  displacements  could  be  compared  simultaneously  with  recorded  stresses  and 
velocities. 

E.  TEST  RESULTS 

The  stress  analysis  of  a  tower  such  as  this  one  can  be  very  complex.  The  usual 
design  assumption  of  applying  a  static  pressure  of  say  30  lb  per  sq  ft  of  exposed  surface 
apparently  does  not  represent  the  manner  in  which  the  tower  is  actually  loaded.  The 
analysis,  therefore,  must  be  based  on  dynamic  assumptions.  The  oscillogram  recordings 
of  wind  velocities  shown  on  Fig.  2  demonstrate  that  a  structure  acted  upon  by  forces 
varying  with  such  intensity  and  frequency  cannot  be  considered  a  simple  static  problem. 
This  rapidly  fluctuating  wind  produces  corresponding  impulses  against  the  tower  sur- 
faces and  undoubtedly  explains  why  the  tower  is  constantly  in  motion  and  is  constantly 
changing  its  direction  of  movement  and  its  amount  of  movement. 

In  spite  of  the  complete  random  pattern  of  forces  acting  on  the  tower,  the  frequency 
of  vibration  remained  generally  constant  at  approximately  0.80  cps.  Considering  that  the 
tower  will  vibrate  at  this  natural  frequency,  if  impulses  could  be  applied  in  phase  with 
this  frequency,  the  amplitude  could  be  increased.  If  regularly  applied  impulses  con- 
tinued long  enough  and  strong  enough,  the  amplitude  would  continue  to  increase  and 
eventually  produce  stresses  in  the  tower  sufficient  to  cause  collapse. 

It  is  interesting  to  note  that  when  towers  such  as  this  one  have  collapsed  under 
wind  loading,  the  tower  has  been  observed  to  oscillate  at  great  amplitudes.  In  such  in- 
stances it  is  conceivable  that  the  frequency  of  the  wind  impulses  was  in  phase  with  the 
natural  frequency  of  the  tower,  and  collapse  was  caused  not  by  high  wind  pressure  loads 
against  the  tower  but  by  the  dynamic  loading  of  the  wind  gusts. 

The  tower  tested  was  designed  and  fabricated  by  the  Mississippi  Valley  Structural 
Steel  Company.  The  design  was  based  on  a  wind  pressure  of  30  lb  per  sq  ft  of  exposed 
area,   a  tensile  stress  on   the   net  section   of   20.000  psi  and  a  compressive  stress  on  the 

gross  section  of  (20,000  —  85—)   psi.  The  maximum  compressive  stress  a(   m  gage  was 

r 
recorded  as  °910  psi,  and  the  maximum  average  compressive  Stress  on  a  tower  leg  was 
recorded  as  7650  psi.  The  maximum  tensile  stress  at  a  gage  was  recorded  as  7770  psi, 
and  the  maximum  average  tensile  stress  on  a  tower  leg  was  recorded  as  o°10  psi.  It  must 
be  kept  in  mind,  however,  thai  the  recorded  stresses  were  on  the  gross  section.  The  ratio 

of  the  net  area  to  the  gross  area  is    —  =  0.86  for  the  angles  al  the  base  of  the  tower. 

The  maximum  recorded  average  tensile  stress  in  a  tower  leg  at  the  net  section  would  be 

6910  psi        ori,-      • 

!- —  =  8033  psi. 

0.86 

Hull.  ."..-.:> 


138 Test    of    120-Ft    Flo  odli  g  h  t    Tower 

The  allowable  compressive  stress  in  the  5  In  5  by  •;■«  angles  at  the  base  oi  the  tower 
is  about  14000  psi.  The  dead-load  stress  is  estimated  to  be  about  1000  psi;  therefore, 
the  allowable  compressive  stress  for  live  load  is  about    13,000  psi. 

It  can  be  seen  that  the  recorded  compressive  stress  in  the  tower  leg  is  slightly  over 
half  of  the  allowable  stress.  It  seems  reasonable,  therefore,  that  this  tower  could  safelj 
sustain  higher  wind  velocities  than  the  72  mph  recorded.  The  probability  of  wind  guests 
occurring  in  phase  with  the  tower  frequency  is  still  present,  however,  and  will  remain 
so   until  such  damaging  amplitudes  can  be  controlled  or  dampened. 

1.  Forced  Oscillations 

Recognizing  that  the  wind  forces  acting  on  the  tower  represent  a  complex  loading 
system  an  effort  was  made  to  relate  tower  displacement  with  stresses  in  the  legs  by  set- 
ting the  tower  in  motion  manually.  This  was  accomplished  by  a  man  at  the  top  of  the 
tower  shifting  his  weight  in  either  the  north-south  or  the  east-west  direction  in  phase 
with  the  natural  tower  frequency.  It  was  found  that  considerable  amplitude  could  be 
obtained  with  little  effort.  However,  it  was  difficult  to  maintain  oscillations  in  a  true 
north-south   or  east-west  direction  as  the  tower  tended  to  assume  an  elliptical  motion. 

During  these  forced  oscillations  the  displacements  of  the  top  of  the  tower  and  the 
stresses  in  the  tower  legs  were  recorded.  It  can  be  seen  from  Table  1  that  the  stresses 
are  not  proportional  to  the  tower  displacements.  The  table  also  shows  the  recorded 
frequencies,  and  it  is  interesting  to  note  that  this  same  frequency  of  about  0.8  cps 
occurred  under  the  action  of  the  wind. 

2.  Stresses  in  Legs  at  Base  of  Tower 

Fig.  3  shows  the  plotting  of  the  average  mean  and  average  semi-amplitude  stresses 
in  the  legs  at  the  base  of  the  tower  during  the  southwest  wind.  As  the  mean  compressive 
stresses  in  the  northeast  column  increased  from  1.20  to  5.58  ksi,  the  average  mean  tensile 
stresses  in  the  southwest  column  increased  from  0.39  to  5.73  ksi.  The  stresses  in  the 
northwest  and  southwest  columns  ranged  from  — 1.84  to  +  0.30  and  +  1.75  to  — 0.52 
ksi,  respectively.  The  minus  sign  indicates  compression  and  the  plus  sign  tension  through- 
out this  report.  The  plotting  of  the  average  mean  stress  in  the  northwest  leg  is  almost 
a  mirror  image  of  the  southeast  leg  about  the  zero  stress  level.  This  indicates  that  the 
tower  was  oscillating  about  an  axis  through  the  northwest  and  southeast  columns. 

The  average  semi-amplitude  stresses  in  the  columns  at  the  base  of  the  tower  during 
the  southwest  wind  did  not  follow  any  pattern  with  regard  to  average  mean  stresses  in 
the  columns,  wind  velocities  or  tower  displacements.  Maximum  average  semi-amplitude 
stresses  did  not  necessarily  occur  simultaneously  with  maximum  wind  velocities  or  maxi- 
mum tower  displacements.  This  can  be  seen  by  comparing  the  values  shown  on  Figs.  3, 
7  and  9  for  each  oscillograph  reading  number. 

The  average  mean  and  average  semi-amplitude  stresses  in  the  legs  at  the  base  of  the 
tower  during  the  west  wind  are  shown  in  Fig.  4.  The  magnitude  of  the  average  mean 
stresses  in  the  northeast,  northwest  and  southeast  legs  at  the  base  of  the  tower  were 
almost  equal.  Average  mean  stresses  in  the  southwest  leg  were  slightly  higher  than  the 
average  mean  stresses  in  the  other  three  legs.  When  the  northwest  and  southwest  legs 
were  in  compression  the  northeast  and  southeast  legs  were  in  tension  and  vice  versa. 
This  indicates  that  the  tower  was  oscillating,  about  an  axis  in  the  north-south  direction. 
The  range  of  average  mean  stresses  for  the  northeast,  southeast,  southwest  and  north- 
west columns  were  -f-  0.35  to  —1.67,  +  0.19  to  —  1.62,  —0.07  to  +2.15  and  — 0.18 
to  +1.38  ksi,  respectively. 
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During  a  west  wind  there  was  no  apparent  correlation  of  average  semi-amplitude 
stress  in  the  legs  at  the  base  of  the  tower  with  wind  velocities,  tower  displacements 
or  average  mean  stresses  in  the  legs.  This  can  be  seen  by  comparing  the  values  shown 
on  Figs.  4,  8  and  10  for  each  oscillograph  reading  number. 

3.  Stresses  in  the  Northeast  Leg  at  the  40-Ft  and  80-Ft  Levels  of  the  Tower 

The  average  mean  and  average  semi-amplitude  stresses  in  the  northeast  leg  at  the 
40-ft  and  SO-ft  levels  of  the  tower  for  the  southwest  wind  are  shown  in  Fig.  5.  After 
oscillogram  reading  No.  13  the  average  mean  stresses  at  the  SO-ft  level  were  lower  than 
at  the  base  of  the  tower  and  the  average  mean  stresses  at  the  40-ft  level  were  higher. 
The  range  of  the  average  mean  stresses  for  the  base,  40-ft  and  SO-ft  levels  were  — 1.20 
to  — S.5S,  — 0.01  to  — 6.04  and  — 0.87  to  — 4.17  ksi,  respectively. 

Except  for  oscillogram  reading  No.  44  the  simultaneous  average  semi-amplitude 
stresses  at  the  40-ft  level  were  higher  than  the  stresses  at  the  SO-ft  level  for  the  south- 
west wind.  However,  there  was  no  apparent  correlation  of  average  semi-amplitude 
stresses  at  the  40-ft  and  80-ft  levels  with  wind  velocities,  tower  displacements  or  average 
mean  stresses  in  the  legs. 

Fig.  6  shows  the  average  mean  and  average  semi-amplitude  stresses  in  the  northeast 
leg  at  the  40-ft  and  80-ft  levels  of  the  tower  during  the  west  wind.  In  compression  the 
average  mean  stresses  at  the  40-ft  level  were  the  highest  and  the  average  mean  stresses 
at  the  base  of  the  tower  were  the  lowest.  The  range  of  average  mean  stresses  for  the 
base,  40-ft  and  80-ft  levels  were  +0.35  to  —1.67,  +0.16  to  —2.10  and  +0.08  to 
—  1.57  ksi,  respectively. 

During  a  west  wind,  for  each  simultaneous  oscillogram  reading  the  average  semi- 
amplitude  stresses  at  the  40-ft  level  were  higher  than  the  stresses  at  the  80-ft  level.  How- 
ever, once  again  no  definite  relationship  could  be  established  between  average  semi- 
amplitude  stresses  and  wind  velocities,  tower  displacements  or  average  mean  stresses  in 
the  legs. 

4.  Wind  Velocities 

Wind  velocities  of  a  southwest  wind  and  west  wind  are  shown  in  Figs.   7  and   8, 
respectively.  It  can  be  seen  that  the  velocities  from  reading  to  reading  changed  at   ran 
dom  at  the  different  heights  and  for  the  north  and  south  anemometers  at  the  40-ft  and 
SO-ft  levels.  Generally,  it  was  true  that  there  was  an  increase  in  wind  velocity  with  an 
increase  in  height. 

Many  instances  can  be  seen  on  the  wind  velocity  traces,  Fig.  2,  where  the  velocity 
was  increasing  at  one  level  and  decreasing  at  another.  This  is  noted  for  oscillograph  read 
irgs  1  through  10  for  the  80-  and  120-ft  levels.  It  is  also  evident  that  at  the  same  inst  mt 
and  at  the  north  and  south  anemometers,  less  than  20  ft  apart  (see  oscillograph  reading 
4-5  at  the  SO-ft  level),  the  wind  velocity  was  increasing  at  the  north  anemometer  and 
decreasing  at  the  south.  These  differentials  of  wind  could  produce  twisting  and  introduce 
torsional  stresses  in  the  tower  to  further  complicate  the  loading  system. 

The  maximum  velocities  for  the  southwest  and  west  winds  were  72  mph  and  58  mph. 
respectively,  both  occurring  at  the  top  ol  the  towei  li  is  apparent  from  the  oscillogram 
traces  of  the  anemometers  that  the  wind  velocities  obej  no  apparent  law,  for  they  are 
continually  increasing  or  decreasing  and  at  varying  rates  oi  speed. 

This  test  points  out.  and  possibh  for  the  first  time,  that  the  wind  velocities  change 
rapidly.  These  changes  as  recorded  for  a  southwest   wind  are  shown  in  the  following 

table: 
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Mwiui  m    t'liANci    in   Wind  Yki.ocitiks   fuk   Soniiwi.sr  Wino 


Tncreasi  in 

Velocity 

Decreast  in  Velocity 

/,.  01  /  oj  .1  nemomi  U  r 

Velocity 
Uph 

Tim, 

Sec 

VelOcUy 

Tim, 

ll.il 

to.o 
11.7 
50.0 
33 . 3 

Velocity 
Mph 

T i  mi 

Sic 

Velocity 
Time 

Hi'  No. 

I 

S 
15 

2 

0.4'.) 

0.  Hi 
0 . 1 2 

0 .  30 

0.06 

10 

0.12 
0.29 
0.08 
0.26 

0.11 

41  .7 

to'  So. 

3 1 . 5 

80'  No. 

25 . 0 

80'  So 

134'  Top     .   

26.9 

1  ."> .  ."> 

It  can  be  seen  that  an  increase  in  velocity  of  15  mph  occurred  in  0.30  sec.  The  large, 
heavy,  cup-type  anemometers  ordinarily  used  to  measure  wind  velocity  cannot  measure 
these  rapidly  changing  wind  velocities,  but  the  very  light  anemometers  used  in  this  test 
were  sensitive  to  such  fluctuations.  (Tests  at  Research  Center  demonstrated  that  these 
anemometers  were  capable  of  measuring  these  changes  in  wind  velocities.) 

It  also  can  be  seen  from  Figs.  7  and  8  that  there  was  an  increase  in  mean  stresses 
with  an  increase  in  wind  velocities.  This  is  more  pronounced  with  the  southwest  wind 
because  of  the  greater  number  of  plotted  points  and  the  greater  range  of  values. 

When  the  mean  stress  in  the  northeast  tower  leg  was  2.8  ksi  the  wind  velocity  at 
the  top  of  the  tower  was  54  mph,  and  at  a  mean  stress  of  5.0  ksi  the  wind  velocity  was 
70  mph ;  thus,  the  mean  stress  is  approximately  proportional  to  the  square  of  the  wind 
velocity.  The  total  stress  in  the  tower  legs  is  the  sum  of  the  mean  stress  and  the  semi- 
amplitude,  and  on  Fig.  3  it  can  be  seen  that  when  the  mean  stress  was  2.8  ksi  the  semi- 
amplitude  stress  in  the  northeast  leg  was  1.67  ksi,  but  when  the  mean  stress  increased 
to  5.0  ksi  the  semi-amplitude  decreased  to  1.00  ksi.  Since  the  semi-amplitude  stress  does 
not  appear  to  bear  any  relationship  to  mean  stress,  the  total  stress  does  not  bear  any 
relationship  to  mean  stress  or  wind  velocity. 

5.  Tower  Displacements 

Graphs  A,  B,  C  and  D  on  Figs.  9  and  10  show  the  tower  displacements  during  a 
southwest  and  west  wind,  respectively.  The  numbers  and  solid  circles  on  the  curves  repre- 
sent oscillogram  readings  numbers  to  permit  comparison  of  displacements  with  the  aver- 
age mean  stresses,  average  semi-amplitude  stresses  and  wind  velocities.  In  graph  A,  Fig. 
9,  the  tower  was  moving  in  a  general  southwest-northeast  direction.  However,  in  graph 
B,  after  oscillogram  reading  No.  24,  it  switched  to  a  general  north-south  direction.  Dur- 
ing the  maximum  velocity  of  the  southwest  wind,  the  tower  seemed  to  have  a  random 
motion  as  shown  in  graph  C.  The  movement  of  the  tower  in  graph  D  was  in  the  east- 
west  direction.  Although  the  wind  during  oscillogram  readings  53  to  65  was  predom- 
inantly from  the  southwest,  there  were  short-duration  wind  gusts  from  the  west  that 
might  explain  the  east-west  movement  of  the  tower. 

Fig.  10  shows  the  tower  movement  during  a  west  wind.  In  graphs  A,  B,  C  and  D 
the  tower  movement  seems  to  be  in  a  west-southwest  to  east-northeast  direction.  Since 
the  wind  direction  indicator  recorded  only  8  wind  directions  for  360  deg,  the  wind  direc- 
tion could  change  45  deg  without  being  recorded  on  the  oscillogram.  This  could  explain 
the  tower  movement  not  being  in  an  east-west  direction  for  a  recorded  west  wind. 
Graph  D  of  Fig.  10  shows  that  the  maximum  tower  displacement  occurred  between 
oscillogram  readings  42  and  43.  By  referring  to  Fig.  8  it  can  be  seen  that  this  is  not  the 
period   of   maximum   wind  velocities.   However,   Figs.  4   and   6   shows   that   the  average 
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mean  and  average  semi-amplitude  stresses  in  the  legs  at  the  different  levels  are  maximum 
or  near  maximum  stress  values. 

Maximum  tower  displacement  occurred  between  oscillogram  readings  57  and  58 
during  a  southwest  wind.  Referring  to  Fig.  7  it  can  be  seen  that  this  is  not  the  period 
during  maximum  wind  velocities,  and  Figs.  3  and  5  show  that  this  is  not  the  period  of 
maximum  average  mean  or  maximum  average  semi-amplitude  stresses  in  the  legs  of  the 
tower  at  the  different  levels. 

The  reading  of  the  oscillograms  for  the  west  and  southwest  winds  also  indicated 
that  maximum  mean  stresses  in  the  tower  legs  did  not  occur  during  the  time  of  maxi- 
mum wind  velocity  and  neither  did  the  maximum  amplitude  of  vibration  occur  during 
maximum  wind  velocity.  Therefore,  the  simultaneous  occurrences  of  mean  stress,  semi- 
amplitude  stress,  wind  velocity  and  tower  displacement  were  tabulated  for  each  maxi- 
mum condition.  These  data  are  summarized  in  Table  2. 

If  the  tower  is  considered  a  free-standing  cantilever  bending  about  its  base,  it  would 
be  reasonable  to  expect  that  under  horizontally  applied  loads  the  average  mean  stresses 
in  the  tower  legs  and  the  tower  displacement  would  be  maximum  simultaneously.  The 
fact  that  this  does  not  take  place  indicates  that  the  tower  is  acted  upon  by  a  complex 
set  of  forces. 

F.  CONCLUSIONS 

The  data  presented  above  indicate  that  this  floodlight  tower  is  subjected  to  con- 
tinuously fluctuating  wind  velocities  and  that  it  is  continually  in  motion  under  the  action 
of  this  wind.  It  seems  reasonable  to  conclude,  on  the  basis  of  this  test,  that  in  the  design 
of  such  a  tower,  consideration  should  be  given  to  adding  a  dynamic  effect  to  the  static 
loads  currently  used. 

Table  1 — Forced  Oscillation 
Semi-Amplitude  Average  Stresses  (ksi) 
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FIG    9 
SANTA   FE  RAILWAY  FLOODLIGHT  TOWER   TEST 
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FIG. 10 
SANTA   FE  RAILWAY  FLOODLIGHT  TOWER  TEST 
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Advance   Report  of  Committee  29 — Waterproofing 
E.  A.  Johnson,  Chairman 

The   Ability  of  Various  Waterproofing  Membranes  to   Bridge 

Cracks  That  Might  Develop  in  the  Concrete  on 

Which  They  Are  Applied 

A.  DIGEST 

This  report  contains  a  description  and  the  results  of  an  investigation  of  waterproof- 
ing membranes  fabricated  with  different  combinations  of  fabrics  and  felts  with  asphalts 
or  tars.  There  was  no  previous  test  for  determining  the  behavior  of  a  membrane,  when 
a  crack  develops  in  the  surface  to  which  it  has  been  applied.  It  was  necessary  first  to 
develop  a  method  of  testing,  and  second  to  design  an  apparatus  to  permit  testing  a  speci- 
men under  controlled  conditions  in  order  to  permit  measurements  of  the  effect  of  the 
particular  variable  being  studied. 

Features  of  membranes  that  were  studied  included  the  kind  and  grade  of  bituminous 
materials,  the  kind  of  fabric  employed,  the  number  of  plies,  the  bond  or  slippage  strength 
and  the  effect  of  prevailing  temperatures. 

The  temperature  existing  in  a  bituminous  membrane  was  a  major  factor  in  its  per- 
formance ;  therefore,  in  order  to  obtain  information  of  temperature  range  in  membranes 
in  service,  recording  thermometers  were  installed  on  a  bridge  deck  and  maintained  during 
a   12-month  period. 

The  temperature-ductility  relationship  of  many  asphalts  was  studied  at  various 
temperatures  ranging  from  20  to  70  F.  From  the  data  obtained  in  these  studies,  curves 
were  plotted  permitting  comparison  of  the  performance  of  the  membranes. 

Temperature-pull  curves  were  plotted  of  different  membranes,  mostly  of  two-ply 
fabric  with  asphalts  of  different  specifications,  also  combinations  of  felts  and  fabrics  and 
of  preformed  membranes. 

Above-ground  asphalts  with  two-  and  three-ply  membranes  of  cotton  fabric  proved 
more  satisfactory  in  the  range  of  0  to  70  F.  Below-ground  and  synthetic  asphalts,  even 
though  they  stretched  more  at  higher  temperatures,  did  not  prove  as  satisfactory  at  the 
lower  temperature  range  as  the  above-ground  asphalts. 

Three-  and  five-ply  membranes  with  felts  and  above-ground  asphalts  performed 
equally  well.  In  comparison  to  membranes  with  fabric,  the  felts  were  as  good  or  a  little 
better  at  low  temperatures,  but  the  fabric  membranes  were  much  better  from  40  F 
and  up. 

Emulsified  asphalts  showed  little  or  no  crack  coverage  ability  from  0  to  70  F.  Cut- 
backs were  little  affected  by  temperature  change  but  did  not  have  much  stretch  before 
failure  occurred. 

B.  FOREWORD 

This  investigation  has  been  carried  out  for  Committee  29 — Waterproofing,  to  obtain 
data  needed  in  connection  with  their  assignment  "Waterproofing  Materials  and  Their 
Application  to  Railway  Structures,  Collaborating  with  Committees  6,  8  and  15." 

The  tests  were  performed  at  the  AAR  Research  Center  under  the  general  direction 
of  G.  M.  Magee,  director  of  engineering  research.  The  conduct  and  nut  line  of  tests  win- 
under  the  direction  of  the  late  P.  D.  Miesenhelder,  research  engineer  concrete,  until 
November  1Q5Q.  Test  specimens  were  prepared  and  tests  performed  by  S.  S.  Melemis, 
laboratory    assistant,    until    completion. 
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This  report  was  prepared  and  written  by  S.  S.  Melemis  under  the  supervision  of 
P.  Drew,  assistant  research  engineer  structures. 


C.  TEST  SPECIMENS 

Concrete  cylinders  for  the  application  and  tests  of  waterproofing  membranes  were 
cast  in  the  laboratory  and  were  subsequently  cured  in  water  for  three  days,  then  left  at 
room  temperature  to  dry.  The  cylinders  were  4  ft  long  and  S  in.  in  diameter,  formed  of 
two  equal  units  held  firmly  together  (see  Fig.  7  and  picture  of  concrete  cylinder).  The 
cylinders  were  then  coated  with  asphaltic  primer  for  asphalt  membranes,  and  creosote 
primer  for  tar  membranes. 

Bitumens  were  heated  in  a  pot  set  in  a  kettle  of  hot  wax.  The  temperature  was 
thermostatically  controlled  at  325-350  F  for  asphalts  and  290-300  F  for  tars. 

Hot  bitumen  was  mopped  on  the  cylinder  at  the  rate  of  at  least  AJ/2  gal  for  each 
100  sq  ft  of  surface.  This  was  checked  by  weighing  the  amount  of  bitumen  applied  on 
cylinder.  While  the  mopping  was  still  hot  a  piece  of  fabric  36  by  19  in  was  carefully 
rolled  on  the  cylinder,  making  sure  that  no  wrinkles  were  left  throughout  the  surface, 
and  was  pressed  into  place  leaving  at  least  2  in  overlap.  A  thin  mopping  under  the  over- 
lap was  applied  and  pressed  in  place. 

The  second  ply  was  made  in  the  same  manner  with  the  overlap  placed  symmetrically 
opposite  to  the  overlap  of  the  first  ply.  Two  hose  clamps  of  Yi  in  wide  strapping  were 
placed  around  the  cylinder  at  each  end  of  the  membrane  and  tightened  firmly  in  order 
to  prevent  slippage  of  the  membrane  when  the  cylinders  were  pulled.  Bitumen  was  kept 
off  the  clamp  areas  to  further  prevent  slippage. 

Finally  a  mopping  was  applied  completely  covering  and  sealing  the  fabric;  then  the 
cylinder  was  slowly  rotated  until  it  had  cooled  sufficiently  to  avoid  sagging  so  that  a 
uniform  thickness  was  formed.  All  cylinders  were  allowed  to  cool  at  least  over  night 
before  testing. 
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The  above  procedure  was  followed  with  all  membranes  involving  hut  applications 
of  asphalts  or  tars  with  two  or  three  plies,  also  felts  with  fabrics. 

The  test  specimens  with  asphalt  emulsion  were  prepared  as  follows:  A  thin  coat  of 
emulsion  about  1/32  in  thick  was  brushed  on  the  concrete  cylinder.  Then  Klass  mat  was 
imbedded  in  the  freshly  applied  emulsion  and  brushed,  avoiding  wrinkles  and  bulges. 
The  same  procedure  was  repeated  for  the  second  and  third  layer.  Following  the  applica- 
tion of  the  third  glass  mat  a  heavy  finish  coat  of  emulsion,  between  g^  and  fa  in  thick, 
was  brushed  on  and  the  specimen  was  left  at  least  four  days  before  testing. 

Preformed  membranes  were  purchased  in  one,  two  and  three  plies.  The  same  pro- 
cedure was  followed  in  forming  the  membranes.  A  coat  of  cut-back  was  brushed  on  the 
cylinder.  Then  a  piece  of  preformed  membrane,  17  by  46  in,  was  rolled  on  it.  Since  the 
membranes  were  not  soft  and  pliable,  clamps  were  used  every  2  to  3  in  apart  through- 
out the  length  of  the  membrane  to  secure  perfect  contact  with  the  concrete  cylinders 
but  without  overtightening  them  to  avoid  indentations  in  the  membrane.  Cylinders  were 
left  for  10  days  to  allow  the  cut-back  to  harden.  Then  all  clamps  except  those  at  the 
ends  were  removed  and  another  coat  of  cut-back  was  brushed  over  the  membrane  and 
the  cylinder  was  left  for  five  more  days  before  testing. 

Xo.  400  roofing  canvas  was  applied  on  the  concrete  cylinder  in  the  same  manner  as 
for  the  preformed  membranes. 

The  specimen  with  epoxy  resin  was  a  three-layer  membrane  with  continuous  wrap- 
ping of  glass  mat.  A  thin  coat  of  epoxy  was  brushed  on  the  cylinder,  and  the  glass  mat 
was  imbedded  and  brushed  smoothly  on  the  cylinder.  This  operation  of  applying  epoxy 
and  wrapping  the  glass  mat  was  continued  until  three  layers  were  built  up  around  the 
cylinder.  Specimens  were  left  for  seven  days  to  dry  before  testing. 

A  thermocouple  was  placed  between  the  membrane  and  the  concrete  cylinder  about 
6  in  from  one  end  in  all  specimens  to  measure  the  temperature  within  the  membrane. 

Every  cylinder  assembly  after  testing  was  carefully  examined  for  the  type  of  failure 
and  whether  the  bitumen  or  the  fabric  or  both  failed.  From  time  to  time  a  patch  was 
cut  and  checked  for  thickness  of  membrane.  Also,  the  ends  of  the  membrane  were 
checked  for  slippage  by  measuring  their  distance  from  the  edge  of  the  concrete  cylinder 
before  and  after  testing.  In  some  cases  a  tape  was  stuck  on  the  membrane,  sliced  at  1  in 
intervals  throughout  its  length,  and  by  the  magnitude  of  the  separation  between  the 
pieces  it  was  possible  to  determine  the  distribution  of  stretch  on  the  membrane. 

D.  TEST  APPARATUS 

The  cooling  chamber  (See  Fig.  7)  consisted  of  a  52-in  length  of  cS-in  diameter  boiler 
pipe  with  a  flange  welded  to  each  end  to  which  a  plate  was  bolted  to  mike  a  watertight 
closure.  A  QO-deg  elbow  for  2-in  pipe  was  welded  to  the  side  of  this  chamber,  and  into 
this  elbow  a  4-ft  length  of  metal  pipe  was  threaded.  A  3^2-ft  length  of  clear  plastic 
pipe  was  fitted  on  the  top  end  of  this  metal  pipe,  thus  forming  a  7^<-ft  stand  pipe  for 
pressure. 

Before  placing  the  cylinder  specimen  in  the  cooling  chamber,  the  nuts  holding  the 
two  concrete  cylinders  firmly  together  were  removed.  However,  the  steel  rod  through 
the  cylinders  was  left  in  place  to  avoid  sagging  and  a  possible  resultant  stretching  of 
the  membrane  under  the  weight  of  the  concrete  cylinders  when  the  entire  cylinder  assem- 
bly  was  placed  in  the  cooling  chamber. 

The  thermocouple  wire,  which  was  placed  between  the  membrane  and  the  concrete 
cylinder,  was  passed  through  the  coolant  inlet  (see  Fig.  7)  and  then  the  two  end  plates 
were  slipped  over  each  end  of  the  specimen  pipe  and  were  bolted  to  the  chamber.  Next, 
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the  packing  was  placed  and  tightened,  making  very  effort  to  maintain  a  completely 
watertight  system. 

The  stationary  end  of  the  cylinder  assembly  was  then  pushed  to  the  desired  posi- 
tion relative  to  the  end  cover  and  secured  with  a  pipe  coupling,  so  it  could  not  n\ove 
later  when  the  cylinders  were  pulled  apart.  The  steel  plate  at  the  pulling  end  of  the 
cylinder  was  passed  over  the  threaded  pipe  in  the  other  end  of  the  cylinder,  and  a  pipe 
cap  was  screwed  on  the  end  of  the  pipe.  Finally  the  two  thermometers  were  placed  in 
the  coolant  inlet  and  outlet,  and  the  whole  system  was  filled  with  the  circulating  fluid 
up  to  the  top  of  the  stand  pipe.  At  this  point  the  cooling  chamber  was  checked  for  leaks. 

Circulation  of  the  coolant  was  effected  by  means  of  a  circulating  pump.  At  tem- 
peratures above  freezing  the  coolant  was  water,  and  for  below  freezing  a  brine  solution 
was  used.  This  cooling  mixture  was  ice  mixed  with  water  for  temperatures  above  freez- 
ing and  ethelyne  glycol  mixed  with  dry  ice  for  temperatures  below  freezing.  The  coolant 
circulated  through  a  coil  in  a  cooling  tank  which  was  filled  with  a  cooling  mixture. 

The  temperature  was  checked  at  four  points;  first,  the  cooling  mixture  which  was 
brought  below  the  desired  temperature  by  a  margin  of  10  F;  second,  the  incoming 
coolant  at  the  inlet;  third,  the  coolant  at  the  outlet;  and  fourth,  under  the  membrane 
with  the  thermocouple. 

As  soon  as  the  required  temperature  under  the  membrane  had  been  attained  the 
temperature  at  the  other  three  points  was  brought  up  to  this  required  temperature,  and 
all  four  points  were  stabilized  and  maintained  for  at  least  1  hr  before  pulling  was  started. 

The  fluid  level  in  the  stand  pipe  was  checked  and  filled  to  the  top,  if  needed.  Tlie 
pulling  of  the  cylinder  was  then  started  immediately  by  tightening  the  two  nuts  against 
the   pulling  plate,   thus  imparting  a   separation   of  the   two   concrete   cylinders  at   their 
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joint,  in  increments  of  0.033  in  every  2  min.  The  distance  of  pull  was  checked  on  an 
Ames  dial  (see  Fig.  7).  As  the  cylinders  were  pulled  apart  a  crack  was  formed  beneath 
the  membrane,  simulating  the  movement  occurring  at  a  crack  or  joint  in  concrete  on 
which   waterproofing  had  been  applied. 

As  the  slightest  crack  was  developed  in  the  membrane  the  coolant  penetrjted  it  and 
immediately  was  detected  on  the  standpipe  by  a  decrease  in  level,  and  the  reading  on  the 
Ames  dial  was  recorded  at  this  moment  to  indicate  the  amount  of  opening  or  gap  at 
which  rupture  occurred. 

E.  DISCUSSION  OF  TEST  DATA 

The  object  of  these  tests  was  to  determine  the  ability  of  various  waterproofing 
membranes  to  bridge  cracks  that  might  develop  in  the  concrete  on  which  they  are  ap- 
plied, without  failure  and  leakage.  In  the  investigation  the  most  important  factor  was 
found  to  be  the  temperature;  therefore,  temperature  vs.  crack  opening  curves  were 
plotted  for  all  membranes. 

Since  at  the  beginning  of  the  investigation  of  membranes,  one  of  the  main  purposes 
was  to  compare  AREA  with  ASTM  specification  alsphalts  and  tars,  many  membranes 
were  grouped  as  such,  but  since  AREA  specifications  have  since  been  dropped,  the  dis- 
cussion of  the  various  curves  will  refer  to  ASTM  Types  A  and  B  asphalts  or  below  and 
above  ground,  respectively. 

In  Figs.  1  and  2  temperatures  were  carried  down  to  20  F  only  because  membranes 
failed  at  openings  as  small  as  0.020  in;  in  later  tests  temperatures  were  carried  down 
to  0  F. 

All  cotton  fabric  membranes  were  of  two  ply,  and  the  pull  was  in  the  direction  of 
the  weave  unless  otherwise  specified. 

In  Fig.  1,  graph  1,  four  different  type  B  asphalts  with  fabric  No.  103,  which  passes 
all  ASTM  specifications,  are  compared.  There  is  very  little  difference  between  20  and  40 
F,  which  is  the  most  critical  range.  Between  50  and  60  F  the  maximum  difference  is 
0.5  in.  At  70  F  the  difference  can  be  attributed  to  the  imperfection  of  the  construction 
of  the  membrane.  Since  the  stretch  is  distributed  in  greater  area,  there  is  always  the 
possibility  of  encountering  in  the  fabric  small  wrinkled  or  non-stretched  areas,  which 
will  be  called  pockets  in  this  report.  If  there  are  such  pockets  where  the  crack  develops, 
a  longer  stretch  occurs  before  failure. 

In  temperatures  of  40  F  and  above  the  fabric  broke  at  the  crack,  whereas  in  tem- 
peratures below  30  F  a  very  fine  crack  was  developed  around  the  joint  without  failure 
in  the  fabric.  This  is  because  the  ductility  of  asphalts  at  low  temperatures  is  so  small 
that  it  cracks  with  the  slightest  pull.  Graph  2,  Fig.  1,  compares  an  asphalt  with  and 
without  an  additive  "Rubarite",  but  no  appreciable  difference  was  shown  to  justify  the 
rather  long  and  tedious  preparation  of  the  mixture. 

Graph  3,  Fig.  1,  compares  two  different  synthetic  asphalt  membranes  with  the 
same  fabric.  There  was  a  sharp  change  within  2  deg  in  both  asphalt-  in  the  range  oi  ^(l 
to  55  F.  The  higher  ductility  of  the  No.  320  asphalt  could  have  been  the  cause  of  its 
change  occurring  at  a   somewhat    higher  temperature   than   No.  319. 

Graphs  4  and  6.  Fig.  1.  follow  the  general  shape  of  the  rest  of  the  above-ground 
asphalts,  but  asphalt-  M-12,  F-20  and  M-21,  plate  5,  stretched  more  than  any  tested 
before  them.  These  asphalts  prompted  an  extension  of  the  investigation  to  include  tem- 
peratures below  20  F.  The  limited  supply  of  these  asphalts  did  not  permit  any  further 
investigation  until  more  material  was  received.  This  additional  material  did  not  match 
at  all  with   the  previous  results,   (see  Fig.  4,  graphs   1   and  2).  A  number  of  tests  were 
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run  between  20  and  0  F  (see  graph  2,  Fig.  4)  which  correlated  between  themselves  but 

did  not  correlate  with  the  results  of  the  previous  tests. 

Fig.  2,  graphs  1,  2  and  3,  deals  with  ASTM  type  A  or  below-ground  asphalts.  They 
also  exhibited  an  abrupt  change  in  the  28-35  F  range.  Many  membranes  were  tested  in 
that  range  (not  all  points  shown  on  curve)  to  establish  as  accurately  as  possible  the 
changing  point  of  each  asphalt.  The  envelope  curves  of  below-ground  asphalts,  graph  3, 
shows  the  close  relation  of  the  five  different  samples  tested. 

Graph  4,  Fig.  2,  shows  three  ASTM  Type  A  coal  tar  pitches  for  above-ground  use 
and  graph  6  shows  three  Type  B  coal  tar  pitches,  for  below-ground  use.  They  too  have 
a  quick  change  in  40-50  F  range  for  below-ground  tars  and  50-60  F  for  above-ground 
tars.  This  can  be  attributed  to  the  difference  in  the  ductility  of  the  tars  at  the  different 
temperatures. 

Graph  5,  Fig.  2,  shows  four  pairs  of  envelope  curves  for  above-ground  asphalts, 
below-ground  asphalts,  above-ground  tars  and  below-ground  tars.  It  is  obvious  thai 
above-ground  asphalts  perform  more  satisfactorily  in  the  low  range  of  temperatures. 

Fig.  3  gives  the  results  obtained  with  membranes  of  fabrics  or  felts  or  both.  Graph  1 
compares  a  2-ply  with  a  3-ply  fabric  membrane.  An  increase  in  stretch  from  0  to  70  F 
will  be  noted  for  the  3-ply  membrane.  Graph  2  shows  the  curves  of  felt-fabric-felt 
membranes  using  15-lb  roofing  felt  and  3-ply  fabric  membranes.  At  30  F  the  two  curves 
cross.  Below  this  point  the  felt  is  more  effective  whereas  above  30  F  the  all-fabric  mem- 
brane stretches  more  because  of  the  ability  of  the  fabric  to  withstand  longer  stretch 
than  felt  before  failure.  In  graph  3  the  results  are  shown  for  2-  and  5-ply  membranes 
of  15-lb  roofing  felt  in  felt-fabric-felt  and  felt-felt-fabric-felt-felt  combination  mem- 
branes. There  is  no  significant  difference  in  performance,  and  both  membranes  behaved 
substantially  the  same  from  0  to  70  F  range. 

In  graph  4,  Fig.  3,  are  shown  the  curves  for  15-lb  asbestos  felts  in  combination  of 
felt-fabric-felt  and  felt-felt-fabric-felt-felt  membranes.  The  5-ply  membranes  performed 
better  than  the  3-ply  within  the  tested  range  of  20  to  70  F.  Graphs  5  ard  6  compare  3- 
and  S-ply  membranes  of  15-lb  roofing  felts  (202-1)  to  15-lb  asbestos  felts  (203).  and  in 
both   cases  roofing  felts  show  better  performance,  especially   in   the  3-ply   combination. 

In  Fig.  4,  graph  1,  the  results  of  the  first  supply  received  of  M-ll  and  M-12  are 
compared  to  the  second  supply.  The  second  supply  was  ordered  from  the  same  manu- 
facturer. The  only  common  point  is  at  20  F  of  M-ll  ;  everywhere  else  there  was  a  con- 
siderable difference  in  the  crack  opening  at  failure.  The  M-21  and  M-20  samples  of  both 
the  first  and  second  supply,  graph  2,  came  from  the  Engineering  Experiment  Station  at 
Purdue  University.  Both  were  purchased  by  Purdue  at  the  same  time,  and  the  only  dif- 
ference was  that  the  first  tests  were  made  during  September  1957  and  the  second  ones 
in  June  1959. 

Graph  3  of  Fig.  4  shows  the  results  obtained  with  membranes  made  with  cut-back 
asphalt  No.  M-27  and  asphaltic  emulsion  No.  321.  These  were  used  with  3-ply  glass 
mat  membranes.  The  asphaltic  emulsion  did  not  hold  at  all  even  at  70  F.  Two  cylinders 
were  leaking  before  they  were  stretched,  and  the  two  tested  at  50  and  70  F  failed  at 
the  first  pull.  Accordingly,  there  was  no  point  in  conducting  tests  at  lower  temperatures. 
The  cut-back  membranes  show  only  a  little  increase  in  crack  coverage  at  higher  tem- 
peratures, but  their  performance  from  10  to  30  F  was  a  little  better  than  the  above- 
ground  asphalts. 

In  graph  4,  Fig.  4,  is  given  the  results  obtained  with  three  types  of  preformed  mem- 
branes: No.  401  is  a  1-ply;  No.  402,  a  2-ply;  and  No.  403,  a  3-ply  membrane.  One 
layer  of  the  preformed  membrane  was  used  on  each  cylinder  with  No.  322  cut-back  as- 
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phalts.  These  curves  show  that  in  general,  the  crack  covering  ability  increases  somewhat 
with  the  number  of  plies,  with  the  exception  of  the  one  test  of  No.  402  at  20  F  which 
appears  to  be  an  erratic  result  and  not  consistent  with  the  other  tests  of  this  membrane. 

Graph  5.  Fig.  4,  shows  the  results  obtained  with  the  No.  400  roofing  canvas  one-ply 
membrane.  This  fabric  was  tested  in  the  direction  of  the  weave  and  in  the  direction  of 
the  warp.  Membranes  with  fabric  in  the  direction  of  the  weave  show  a  straight  line 
relation  between  temperature  and  crack  opening  at  failure.  However,  in  the  direction 
of  the  warp,  where  more  satisfactory  results  were  obtained  in  general,  this  relation  was 
erratic  between  0  and  20  F.  The  superior  performance  of  these  membranes  at  low  tem- 
peratures can  be  attributed  first  to  the  extreme  strength  of  the  fabric  and  second,  to  the 
cut-back  which  did  not  harden  even  after  the  three  months  that  the  two  cylinders  were 
left  in  the  laboratory.  As  the  cylinders  were  pulled  apart  the  strength  of  the  fabric  was 
greater  than  the  bond  strength  of  the  cut-back  between  the  fabric  and  the  concrete  and. 
therefore,  the  stretch  was  distributed  for  a  greater  length  on  each  side  of  the  crack.  This 
was  obvious  on  the  tape  which  was  used  for  checking  the  distribution  of  stretch  along 
the  cylinder.  For  the  hot  application,  plate  5,  the  asphalt  was  hard  and  brittle  at  0  F; 
therefore,    failure   occurred   at   a   short   crack. 

For  the  two  cylinders  that  were  left  for  three  months  before  testing,  the  one  tested 
at  0  F  pulled  more  than  the  one  tested  at  10  F.  An  investigation  made  after  teating 
showed  a  pocket  at  the  joint.  In  other  words,  the  fabric  was  not  stuck  on  the  cylinder, 
which  allowed  the  cylinder  to  pull  apart  without  imparting  as  much  pull  on  the  fabric 
as  if  it  were  stuck  on  the  concrete  cylinder. 

The  epoxy  resin  on  graph  6,  Fig.  4,  showed  no  stretch  at  all,  and  temperature  did 
not  have  any  effect  on  the  results  obtained.  An  unusually  great  resistance  was  met  in 
pulling  the  cylinders  apart,  and  the  membrane  did  not  break  right  at  the  joint  between 
the  cylinders.  The  epoxy  had  penetrated  between  the  cylinders  and  formed  so  strong 
a  bond  between  them  that  the  face  of  one  cylinder  was  actually  pulled  off  and  the 
membrane  parted  over  this  separation.  Also,  the  epoxy  formed  such  a  strong  bond 
between  the  fabric  and  the  concrete  that  the  crack  opening  was  not  distributed  over 
any  length  of  fabric  each  side  of  it,  which  caused  fabric  failure  at  such  a  small  crack 
opening. 

In  Fig.  5  arc  shown  temperature-ductility  curves  for  above-  and  below-ground  as- 
phalts, and  also  synthetic  asphalts.  The  general  shape  of  these  curves  is  similar  to  those 
for  the  membranes  formed  with  these  asphalts.  The  above-ground  (plate  1)  asphalts 
increase  gradually  in  ductility  with  increase  in  temperature.  Synthetic  asphalts  (plate  2) 
and  below-ground  asphalts  (graphs  3  and  4)  show  a  relatively  quick  change  in  ductility 
as  in  the  membranes.  For  the  synthetic  asphalts  this  occurs  above  40  F  and  for  the 
below    mound,  below  40  F. 

Graph  5  shows  the  effects  of  heating  on  asphalt.  In  the  reheated  sample  the  ductility 
diminished  by  8.5  percent  fur  the  second.  21.6  percent  for  the  third,  and  s4.7  percent 
for   the   fourth   reheating. 

Vlso  excessive  heating  reduces  the  ductilitj  oi  asphalts.  In  this  test  at  280  F  the 
ductility  was  16.8  em;  alter  heating  it  to  MO  F  the  ductility  dropped  l>>  16.7  percent, 
and  by  continuum  heating  it  to  340  F,  the  ductility  dropped  by  17.3  percent. 

In  Fig.  6  is  shown  the  installation  of  recording  thermometers  at  a  bridge  in  Chi- 
cago for  an  investigation  of  membrane  temperatures  as  compared  with  atmospheric  tem- 
peratures. This  figure  also  shows  two  typical  parts  of  temperature  charts.  Ii  i-  -ecu  that 
the  temperature  under  the  membrane  does  not   quite  reach   the  peaks  of  the  air  tem 
perature,  bul   it   is  possible  t<>  do  so  it'  the  air  temperature  is  steadj    for  over  a   24-hr 
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period  as  is  shown  between  January  14  and  15  where  the  temperature  under  the  mem- 
brane is  very  close  to  air  temperature. 

F.  CONCLUSIONS 

The  results  of  this  study  indicate  that  temperature  is  the  greatest  factor  in  the 
performance  of  the  membranes;  also  that  above-ground  asphalts  with  cotton  fabric  are 
superior  in  test  performance.  Specifically,  comparisons  of  the  above-ground  asphalt  types 
to   the  others  showed: 

1.  Below-ground   asphalts   give   considerable   stretch   at   temperatures  above  40  F 
but  not  at  lower  temperatures. 

2.  At  room  temperatures,  below-ground  asphalts  will  run  slowly. 

3.  Synthetic  asphalts  have  no  stretch  under  55  F. 

4.  Above-ground  tars  have  very  little  stretch  under  55  F  and  below-ground  tars, 
under  45  F. 

5.  Three-ply    membranes   are    better   than   two-ply   membranes,   both   made   with 
above-ground  asphalts. 

6.  Three-ply   cotton-fabric   membranes  are   better   than   three-ply   felt-fabric-felt ; 
also,  better  than  five  ply  felt-felt-fabric-felt-felt  membranes. 

7.  Three  ply  felt- fabric-felt  behaves  equally  as  well  as  five  ply  felt- felt-fabric-felt- 
felt  membranes. 

For  special  asphalts  no  conclusions  can  be  made  since  two  different  supplies  of  the 
same  type  material  behaved  differently,  but  both  were  comparable  to  above-ground 
asphalts. 

The   performance  of   preformed  membranes  increase   with   the  number  of  its  plies. 

No.  400  roofing  canvas  showed  a  superior  performance  when  applied  with  a  cut- 
back asphalt.  Although  no  consistent  results  were  obtained  at  the  very  low  temperatures 
all  tested  showed  a  good  crack  coverage  ability. 

Asphaltic  emulsion  with  glass  mat  showed  very  little  crack  coverage  ability,  and 
cutbacks  with  glass  mat  had  little  stretch  from  10  to  70  F. 

Epoxy  resin  did  not  give  any  stretch  at  all. 
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FIG    I 

CRACK     OPENING       AND      TEMPERATURE     EFFECTS 
ON 
VARIOUS      WATERPROOFING    MEMBRANES 


70 
60 


-•         g yai 


ASPHALT 

FABRIC 

30- 

103 

3    ! 

103 

315 

103 

D-3 

:03 

2 

• 

»- 

/ 

..  • 

.  ■-■>-• 

1 

f 

j. 

ASPHALT            FABRIC 

308 

09-1 

f  * 

308 

09-1 

. 

9%  RUBhK:Tc 

»     70 
u. 

</> 

w    60 

<r 

s 

50 

3 

i 

— 

* 

.jO 

4 
K 

S    30 

s 

UJ 

y- 
20 

o 

• 

ASPHALT 
319 

320 

SYNTHETIC 

FABRIC 

109-1 

109-1 
ASPHALTS 

4 

- 

' 

X       ASIHAiT           FABRIC 
o            D-3                   103 

i 

• 

D-l                   103 

5 

M-!l 

M-l? 
M-20 
M-?l 

. 

*             i 

0 

m 

FABFC 
109-1 

, 

09 

0^ 

6 

— 

' 

ASPHAL 
508 

306 

• 
■ 

y 

• 

CRACK     OPENING      INCHES 


162 


Water  proofing    Membranes 


FIG   2 

CRACK      OPENING     AND     TEMPERATURE        EFFECTS 
ON 
VARIOUS     WATERPROOFING       MEMBRANES 
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FIG    3 

CRACK     OPENING       AND      TEMPER-MURE      EFFECTS 
ON 
VARIOUS     WATERPROOFING        MEMBRANES 
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FIG    6 

DETAILS     OF     LOCATION 
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FIG   7 

ASSEMBLY     AND     DETAILS     OF      COOLING 
CYLINDER    FOR    WATERPROOFING     MEMBRANES 
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Railroads  in  Soviet   Russia  in  Europe — A   Special 
Report  to  the  AREA 

By  F.  R.  Woolford 

Chief    Engineer,    Western    Pacific    Railroad 

Much  has  been  thought,  but  little  actually  known,  about  Russian  railroads  since 
1030  when  several  American  engineers  made  an  inspection  of  the  Russian  rail  trans- 
portation system  at  the  request  of  the  Russian  Government. 

Early  in  1°60  the  State  Department  enlisted  the  assistance  of  the  Association  of 
American  Railroads  to  satisfy  its  desire  for  a  first-hand  look  at  the  Soviet  railroads  by 
railroad  personnel.  President  D.  P.  Loomis  of  the  AAR  accepted  this  challenge  and 
a  group  of  eight  American  railroad  representatives  was  selected  to  make  such  an  inspec- 
tion. The  inspection  was  to  be  under  the  auspices  of  a  State  Department  exchange  pro- 
gram, which  provided  that  a  like  number  of  Russian  railway  representatives  would  make 
a  similar  inspection  of  United  States  railroads. 

C.  D.  Buford,  vice  president,  Operations  and  Maintenance  Department,  AAR,  and 
W.  M.  Keller,  vice  president — research,  were  selected  to  head  up  and  organize  the 
American  group — they  selecting  the  remainder  of  the  task  group.  Six  representatives  of 
various  railroads  of  the  country  were  selected,  among  which  I  was  fortunate  enough 
to  be  included.  The  others  were  J.  F.  Nash  of  the  New  Yor>k  Central  System;  J.  W. 
Horine  of  the  Pennsylvania  Railroad;  S.  G.  Guinns  of  the  Chesapeake  &  Ohio;  P.  V. 
Garin  of  the  Southern  Pacific;  and  L.  B.  Yarbrough  of  the  Wabash,  and  two  Inter- 
preters from  the  State  Department,  Ron  Smith  and  Dick  Mason. 

Our  group  arrived  in  Moscow  at  noon  on  Monday,  May  30,  after  a  most  eventful 
and  rough  train  trip  from  Vienna,  Austria.  After  the  usual  orientation,  general  dis- 
cussions, review  of  plans  for  field  trips  with  Minister  of  Transportation  Beshehev  and 
his  staff,  and  inspections  of  various  railroad  display  centers,  universities,  yards  and  gen- 
eral rail  facilities  about  Moscow,  we  moved  into  an  assigned  sleeping  car,  with  diner 
attached,  on  Sunday  evening,  June  S  for  a  three  weeks'  field  inspection  trip  over  some 
6000  miles  of  Soviet  railroad  lines  in  Europe.  Throughout  our  stay  in  Russia,  and  par- 
ticularly during  our  on-line  inspection  trip,  we  were  accompanied  at  all  times  by  three 
Russian  transportation  representatives,  one  being  Director  of  Research  Simenov,  the 
other  two  being  from  the  Department  of  International  Matters.  All  three  resided  in  our 
special  sleeping  car.  joining  us  in  all  meals,  and  inspections,  and  in  all  travel  outside  of 
our  assigned  cars.  We  were  never  permitted  free  access  to  the  regular  or  special  trains 
to  which  our  cars  were  attached,  being  always  locked  in  our  two  assigned  cars  with 
one  of  our  three  Russian  companions,  if  not  all,  and  always  accompanied  by  them 
when   meeting  others  or  inspecting  any  railroad  property  or  operations. 

In  our  0000  odd  miles  of  travel  over  Soviet  rail  lines  in  Europe,  we  visited  Kiev, 
Kharkov.  Krosng— Limon,  Rostov,  Baku,  Thilisi,  Sochy,  Tuapse,  Provorino.  Litsi,  Stalin- 
grad, Tula,  through  Moscow  to  Leningrad  and  return  to  Moscow  on  June  21  for  final 
discussions  and  review  of  our  findings  with  Mr.  Beshehev  and  staff  before  leaving  Mos 
cow  on  Jul>  i.  enroute  to  Paris  for  the  beginning  of  a  like  coverage  of  the  principal  rail 
lines  in  Europe. 

During  our  32-day  stay  in  Russia  we  were  permitted  to  visil  only  rail  lines  in 
Europe.  All  other  rail  facilities,  particularly  those  north  of  Moscow  in  the  vicinity  of 
the  I'ral  Mountains  and  within  Siberia,  were  off-limits  as  far  as  we  were  concerned 
All  area-  throuuh  which  our  group  was  permitted  to  travel — yards,  shop>.  or  other  areas 
— had  been   previously  thoroughly  policed  and  the  railroad  personnel   lectured  as  to  our 
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arrival.  In  spite  of  all  of  these  advance  precautions,  with  the  intent  of  restricting  our 
activities,  we  managed  through  our  American  persistance  and  'Bull  Dog  Hold  On",  plus 
other  means  as  they  presented  themselves,  to  view  many  important  railway  headquarters, 
yards,  car  and  locomotive  shops,  and  roadway  track  maintenance  activities.  We  also 
had  general  discussions  of  various  railroad  activities  with  both  supervisory  and  other 
personnel.   In   these  inspections  and  discussions  we   learned  that: 

1.  There  are  35  individual  railway  operating  groups  within  the  Soviet  railway  sys- 
tem, each  operated  as  a  separate  rail  line,  or  as  we  would  classify,  a  District,  all  under 
the  direct  control  of  the  Minister  of  Transportation  and  his  staff. 

2.  The  35  separate  railways  have  a  total  of  120,000  road  kilometers  of  main  track 
(74,400  miles),  and  employ  3.5  million  people. 

3.  That  all  personnel  are  responsible  to  work  for  the  accomplishment  of  the  Soviet 
Gosplan  which  has  established  the  7-year  plan  objective  for  rail  transportation  mod- 
ernization by  1965. 

4.  The  Soviet  rail  system  consists  of  approximately  one-third  the  mileage  of  United 
States  railroads,  yet  handles   1.5   times  as  much  freight   tonnage. 

5.  Soviet  train  speeds  average  35  to  40  mph  for  freights  and  45  mph  for  passenger 
trains.  Speeds  are  set  to  minimize  rail  wear  on  curved  track,  and  superelevation  applicable 
to  all  trains  is  maintained. 

6.  The  development  and  operation  of  the  Soviet  transportation  system  show  a 
marked  influence  of  political  control. 

7.  Transportation  progress  trails  industrial  development,  requiring  extreme  need 
prior  to  providing  additional  rail  facilities. 

8.  Rail  transportation  is  the  primary  means  of  moving  goods  and  people.  There  are 
few  to  no  usable  highways,  undependable  water  routes,  and  air  transportation  is  in  its 
infancy.  In  1948  the  rail  lines  handled  84  percent  of  the  traffic  moved ;  motor  vehicles 
5  percent  inland,  coastal  and  inter-coastal  shipping  9  percent;  and  pipelines  2  percent. 
By  comparison,  United  States  railroads  handled  33  percent  in  the  same  year,  with  3 
times  the  track  mileage. 

9.  The  Soviet  transportation  directors  realize  the  urgent  need  for  the  technical 
education  of  personnel  and  applied  research  to  develop  successfully  their  transportation 
facilities.  To  accomplish  this  they  have  established  and  adequately  staffed  12  large  rail- 
road technical  institutions,  plus  many  on-line  trade  cooperative  schools.  Together,  these 
schools  graduate  9000  engineers  and  craftsmen  annually  and  thoroughly  research  all 
materials,  equipment,  and  operations  adopted  as  standards  for  the  Soviet  system. 

10.  Standardization  has  become  a  reality  on  the  Soviet  railroads,  and  is  applicable 
to  all  properties,  operations  and  practices. 

11.  Maximum  utilization  is  made  of  all  transportation  equipment.  Unloading  time 
is  carefully  controlled,  and  fines  are  imposed  if  minimum  unloading  time  is  exceeded. 
General  allowance  for  unloading  after  placement  ranges  from  30  min  for  hopper  cars  to 
a  maximum  of  12  hours  for  tank  cars  containing  heavy  oils  or  asphalt  requiring  heating. 
Fines  for  non-compliance  vary  from  3  rubles  per  hour  for  the  first  6  hours,  to  15  rubles 
per  hour  over  18  hours'  detention.  Like  fines  are  assessed  against  rail  lines  for  missing 
stated  placement  time.  Similar  fines  are  assessed  for  the  failure  of  industries  to  clean 
cars,  for  overloading  or  underloading  or  any  like  violations  of  car  use  rules. 

12.  A  skeleton-type  train  crew  is  used  on  all  trains.  An  engine  crew  of  2  men,  plus 
conductor,  is  standard,  with  only  the  engine  crew  for  switching  and  on  strictly  line 
haulers.  No  cabooses  are  used.  The  only  provision  for  conductors  is  open-ended  brake 
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houses  on  the  ends  of  certain  cars.  Consideration  is  being  given   to  the  elimination  of 
the  second  man   on   diesel   and  electric   locomotives. 

13.  The  work  week  consists  of  42  hours,  usually  o  days  of  7  hours,  exclusive-  oi 
meal  period.  Any  combination  of  working  hours  is  permitted  (without  penalty  time), 
to  provide  additional  week-end  or  once-a-month  days  off  for  rural  gardening  and  relax- 
ation  activities. 

14.  All  main-track  switches  are  either  remote  tower  or  cabin  controlled  or  tender 
operated.  The  majority  of  other  tracks  and  all  yard-track  switches  are  similarly  operated. 

15.  Rail,  track  fastenings,  ties,  ballast,  and  all  track  accessories  are  standardized. 
Xew  rail  of  R-50  (similar  to  101-lb  section),  R-65  (131  lb),  and  R-75  (151  lb)  is  used 
for  main  lines,  with  reconditioned  and  welded  R-43  (87  lb)  retained  for  branch  lines 
and  yards.  Most  of  the  new  rail  is  R-50;  some  R-65;  little  R-75.  Welding  is  used  quite 
extensively.  Twelve  and  one-half  meter  rail  is  welded  into  25  and  50  meter  lengths. 
Twenty-five  meter  rail  is  welded  into  miscellaneous  lengths  up  to  a  present  maximum  of 
S00  meters,  although  3,  5  and  greater  kilometer  lengths  are  under  research  investigation. 
All  new  track  is  laid  through  panel  construction,  wherein  both  creosoted  wood  or  pre- 
stressed  concrete  ties,  or  at  times  a  mixture  of  both,  are  used.  Opposite  joint  construc- 
tion is  used  throughout;  5-ft  gage  is  standard.  Nos.  6  and  11  turnouts  are  used  in  yards; 
Xos.  11,  15,  IS.  20  and  22  are  used  for  main  track.  All  frogs  are  of  the  manganese-insert 
type;  switch  points  are  of  rail  steel.  Switch  points  and  frogs  are  curved  for  high-speed, 
main-track  turnouts.  Ballast  is  of  three  varieties — sand,  gravel,  and  crushed  granite — 
sized  excessively,  being  1  in  to  3^2  to  4  in,  with  a  minus  of  fines. 

The  absence  of  main-track  crossings  at  grade  is  most  noticeable.  Separations  are 
used  where  necessary  to  cross.  The  majority  of  at-grade  crossings  is  restricted  to  yard 
areas  and  combined  with  a  promiscuous  use  of  puzzle  switches. 

16.  Bridges  are  predominately  steel  or  concrete  or  combination  of  both.  Wood 
structures  are  frowned  upon  and  are  practically  non-existant,  only  a  few  World  War  II 
emergency  structures  remaining.  Prestressed  concrete  is  used  exclusively  for  spans  up  to 
M  meters  in  length.  Steel  structures  are  of  welded  construction. 

17.  Tunnels,  unless  bored  through  hard  rock,  are  either  concrete  or  brick  lined;  por- 
tals are  massive  in  design,  of  either  concrete  or  stone  masonry  with  stucco  finish. 

18.  Utmost  security  is  given  all  tunnels,  large  bridges,  and  similar  important  struc- 
tures. All  are  protected  by  around-the-clock  military  guard  stations  at  each  end.  manned 
by  armed  guards,  many  of  whom  are  supplemented  by  army  dogs  during  night  hours. 
No  member  of  our  group  was  permitted  to  view  any  of  these  structures  nor  was  any 
information   concerning  such  structures  available. 

19.  A  unique  method  of  rail  bonding,  recently  adopted  as  standard,  was  found  in 
-iunal  and  electric  locomotive  territory,  and  is  said  to  have  proved  satisfactory.  In  this 
a  graphite  paste,  applied  on  the  inner,  upper  and  lower  bearing  surfaces  of  joint  bars  is 
used,  eliminating  rail-head  or  web-type  wire  bonds.  Brigade  trick  forces  are  responsible 
for  rail  bonding     not   signal  or  electrical  personnel. 

Many  other  unusual  materials,  practices  and  method-,  were  observed  on  the  Soviet 
railways — some  quote  ingenious,  others  not  too  well  thought  out.  Many  are  open  to 
question  as  to  their  dollar  merit,  practical  application,  or  the  need  for  the  extensive 
use  of  people  in  the  accomplishment  of  their  objective 

Female  labor  is  employed  most  extensively  a-  a  supplement  to  male  personnel  in  all 
roadway  construction  and  maintenance  work.  Women  are  also  used  in  other  crafts, 
although  to  a  lesser  extent.  The  reison  offered  by  a  Soviet  management  for  this  was  tin 
extensive  work  load  on  their  railway-  and  the  shortage  of  male  personnel.  Such  a  con- 
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dition  was  evidenced,  although  corrective  measures  were  available,  but  apparently  not 
utilized  for  political  reasons.  A  most  limited  use  is  made  of  mechanization.  Male  mili- 
tary personnel  is  abundant  everywhere  but  accomplishes  little  to  nothing.  Means  of 
extending  the  service  life  of  materials  are  not  used  to  the  fullest  extent.  Changed  prac- 
tices in  these  respects  and  other  means  of  eliminating  work  would  easily  make  possible 
carrying  out  most,  if  not  all,  the  railway's  construction  and  maintenance  work  with  the 
male  personnel  available.  Problems,  inefficiency  of  work  output,  ard  many  like  unsatis- 
factory results,  arise  in  the  use  of  women  for  such  work. 

Many  photographs  were  taken  by  members  of  our  group  where  the  use  of  cameras 
was  permitted,  in  an  endeavor  to  portray  by  pictures  the  present-day  Soviet  rail  trans- 
portation system  as  we  saw  it.  A  selected  group  of  these  pictures,  largely  relating  to 
roadway  matters,  depict  some  of  the  observations  and  opinions  expressed  in  this  report. 

One  particular  observation  which  was  most  outstanding  to  me — and  here  I  am  ex- 
pressing merely  my  own  opinion  and  not  necessarily  that  of  the  entire  group— was  the 
evidence  everywhere  that  the  Russians  are  imitators,  rather  than  originators,  in  most, 
if  not  all,  of  their  mechanization,  processes  and  practices. 

Construction  as  a  whole — railway,  public,  and  general  activities — are  of  a  very  poor 
character  with  respect  to  the  employment  of  both  labor  and  materials,  the  main  objec- 
tive of  the  Gosplan  being  quantity  production,  not  quality.  True,  the  Russians  are 
making  a  tremendous  effort  to  educate  the  masses,  which  is  a  most  commendable  en- 
deavor. However,  much  of  the  practical  application  of  the  knowledge  obtained  is  miss- 
ing. The  track,  signal  and  structure  arm  of  their  rail  transportation  system  can  certainly 
be  classified  as  a  stout  structure,  but  it  is  most  poorly  maintained.  A  well  designed  and 
planned  program  has  been  adopted  for  improvement  of  locomotive  types  and  cars,  but 
this  is  progressing  most  slowly  since  progress  depends  on  assistance  from  outside  manu- 
facturing concerns,  such  as  those  in  France,  Germany,  and  the  Soviet  satellite  countries. 

An  extremely  heavy  goods  and  passenger  traffic  load  exists,  but  is  most  inefficiently 
handled.  An  effective  signal  plant  has  been  designed  by  mixing  American  and  European 
developments.  However,  little  of  any  one  improved  design  is  employed,  they  electing  to 
use  a  multiple  of  signaling  on  important  routes,  rather  than  depending  on  proper  main- 
tenance, to  eliminate  failures. 

The  Soviet  territory  through  which  we  were  permitted  to  travel  and  view  gave 
evidence  of  a  high  potential  in  all  natural  resources,  but  most  sparsely  developed.  The 
population  appeared  pooriy  informed  of  world  happenings,  being  told  only  what  the 
political  directors  want  them  to  know — repeatedly  through  propaganda  broadcasts.  A 
clear-thinking  and  broad-minded  leader,  having  the  interest  of  all  of  his  people  and  the 
world  foremost  in  his  mind  and  heart,  and  with  a  predominant  belief  in  a  Supreme 
Being,  Jesus  Christ,  could  turn  this  land  into  one  of  the  Utopias  of  this  world,  rather 
than  a  hotbed  of  hatred,  as  now  forced  upon  the  minds  of  its  people,  causing  utmost 
unrest  throughout  the  world. 


Railroads    in    Soviet    Russia     in    Europe 


173 


View   of   old   standard   Russian  rail  anchor.   They  are  placed 
6  to  a  25-meter  rail. 


Russian  method  of  banding  ends  of  treated  softwood  ties  to  prevent 
splitting.  The  bands  are  applied  both  in  the  field  by  crimping  and  in  the  shop 
by  arc  welding. 
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Russian  duplication  of  a  German  vibratory,  water-jetting  concrete  pile- 
or  pole-driving  unit.  Here  the  machine  is  shown  raising  a  concrete  pile  to 
a  vertical  position. 
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Here  the  machine  is  shown  driving  the  pile.  A   concrete  pile  20  ft  long  was 
driven  in  7  min  after  beginning  the  vibratory  action. 
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Krazny-Limen  Yard — Typical  device  for  derailing  skates  which  are  used 
extensively  to  retard  roll  of  cars.  The  skates  are  so  placed  on  the  rail  that 
the  desired  retardation  is  obtained  by  the  time  the  skate  reaches  the  derailer, 
which  removes  the  skate  from  under  the  wheel  on  ball  of  rail. 


Between   Baku  and   Tbilisi — Typical   Russian  outfit  cars. 
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Tbilisi — View  showing  reconditioning  yard  tracks  and  car 
stops  used  in  yard  operations. 
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Sochy — Street  entrance  to  new  passenger  station  completed  within  the 
last  year  or  so.  Photo  shows  the  ultra  elegance  typical  in  station  design. 
The  structure  is  designed  and  constructed  far  beyond  the  economical  needs 
of   the  area  served. 
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Sochy — View  of  mobile  acetylene  gas  generating  plant.  Oxygen  and 
acetylene  gas  are  used  only  for  cutting  on  the  Russian  railways,  not  for 
welding. 


Sochy — Typical   puzzle   switch  and   crossing  layout.   This   type  of  layout  is 
used  extensively  in  Soviet  yard  and  station  switching  locations. 
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Sochy — View  of  main  tracks  through  passenger  station  platforms.  The 
ballast  is  covered  with  small  sea  shells  which  are  used  extensively  on  the 
Soviet  Railways  to  seal  ballast  surface. 


Between  Sochy  and  Tuapse — View  of  typical  tunnel  portal.  Guard  houses 
are  located  at  the  ends  of  all  tunnels,  truss  and  plate  girder  bridges  and 
other   important  structures. 
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Between  Sochy  and  Tuapse — As  shown  in  this  view,  white  rock  ballast 
toe  line  markers  are  used  extensively  on  the  Soviet  Railways.  The  individual 
rocks  are  selected  from  the  ballast  section,  hand  painted  and  hand  placed. 


View  of  main  line  turnouts  recently  installed  by  special  track  crew. 


Railroads    in    Soviet    Russia     in    Europe 


181 


View  of  one  of  the  better  sections  of  main  track. 


Liski  Yard— Mixed  male  and  female  section  gang  in  yard  getting  ready 
for   operation   of   between-track   ballast   cleaner— loader   unit. 
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Liski   Yard — Surfacing   gang  and   tools  used   in  yard   track  reballasting 
operation.  All  track  tools  are  either  electric  or  hydraulic  powered. 
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Another  view  of  reballasting  operation  in  Liski  Yard. 


Tula — Ballast  cleaning,  reballasting  and  panel  track  renewal  operations. 
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Tracks  serving  warehouse  area,  Leningrad  port. 


Typical  Russian  track  brigade   maintenance   tools. 
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Reshetnikoyo  Station — Concrete  tie  panel  track  assembly  yard.  Crane  above 
is  used  to  load  panels  on  special  cars   (below). 
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Reshetnikoyo  Station — Panel  track  assembly  and  disassembly  area.  The 
view  above  shows  reclaimed  wood  ties  from  salvaged  used  panel  starting 
through  wire  brush  tie  surface  cleaner.  The  ties  then  go  through  building 
(shown  in  top  photo  on  opposite  page)  where  they  are  adzed  for  new  plate 
surface,  and  banded  at  ends  by  press.  Also,  spike  holes  are  plugged,  and 
ties  are  drilled  for  new  circular  hard-wood  insert  plugs.  The  ties  are  plugged 
by  hydraulic  ram,  and  the  plugs  drilled  for  screw  spikes.  The  ties  then  move 
out  of  house  to  creosote-tar  bath,  thence  on  a  conveyor  to  storage  area  (see 
bottom  view  on  opposite  page)  preparatory  to  construction  of  25-meter 
panels  using  second-hand  R-43  rail  in  yard  construction  and  maintenance 
operations. 
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Moscow — View  of  standard  Russian  containers  as  transported  on  rail- 
way cars  and  placed  in  truck  for  delivery  of  commodity  within  container. 
The  containers  have  capacities  of  1  to  5  tons  and  are  constructed  of  both 
wood  and  metal,  some  aluminum. 


The  only  man  on  his  feet. 


He's  the  pin  puller — uncoupling  cars.  He 
could  be  in  any  of  the  GRS-equipped  auto- 
matic yards.  Once  a  car  is  free,  its  speed  is 
controlled  automatically  by  Class-Mafic1*, 
the  GRS  system  of  yard  automation.  At 
the  crest,  the  conductor  pushes  a  button  on 
his  console  for  each  cut,  to  route  the  cars 
automatically  to  the  proper  tracks.  In  the 
retarder  tower,  the  operator  merely  moni- 
tors the  system. 

The  free-rolling  cars  are  judged  individ- 


ually as  to  rollability,  weight,  route,  dis- 
tance to  coupling,  and  other  factors  which 
are  fed  to  the  analog  computer.  This  con- 
trols the  retardation  automatically  so  the 
cars  glide  gently  to  coupling. 

What  a  saving  in  manpower!  And  con- 
sider the  safety  factor — only  one  man  near 
the  cars  at  any  time.  The  saving  in  freight 
time  alone  will  vindicate  your  choice  of 
GRS  Class-Matic,  the  system  that  pays 
for  itself  in  short  order. 
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HYKIL 


WEED 
KILLERS 

•  Nationally  Available!      •  Made-to-order! 

Now  .  .  .  HYKIL  Weed  Killers  are  available  from  distribution  points 
throughout  U.  S.  Regardless  of  your  local  weed  problem,  HYKIL  can  solve 
it  with  a  made-to-order  weed  killer  and  supply  you  .  .  .  quickly  and 
economically.  Having  years  of  experience  in  the  field  of  specialized  railroad 
vegetation-control,  HYKIL  can  supply  you  with  the  correct  aromatic,  oil- 
based  herbicide  for  your  problem;  can  apply  it  for  you  under  contract 
.  .  .  using  the  finest  equipment;  or  can  build  for  your  specific  needs,  the 
proper  equipment  to  do   the  job. 

Whatever  your  weed  problem  .  .  .  call,  write  or  wire  for  a  quick  solution. 
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JACKSON 

JACK-SPOT 

TAMPER 


AN  EXCEPTIONALLY  ADVANTAGEOUS 
TRIPLE-PURPOSE  MACHINE!! 

TOPS  FOR  JACK  TAMPING.  It's  exceptionally  fast,  accurate 
and  positive  in  jacking  to  reach  and  hold  the  track  raise  and 
cross  level.  It  quickly  and  firmly  tamps  tie  to  hold  raise  for 
production  tampers  and  keeps  out  of  their  way.  Adapted  to 
existing  track  surfacing  equipment. 

PERFECT  FOR  SPOTTING  AND  SMOOTHING.  Great  power 
and  speed  for  spotting  and  smoothing  in  all  ballasts  and  in  all 
conditions  is  supplied   by  TRACK  MAINTAINER  tamping  units. 

AN  EXCELLENT  PRODUCTION  TAMPER  for  moderate  to 
high  raise  work.  Produces  complete  ballast  consolidation  in  out- 
of-face  raises,  with  maximum  stability  right  under  the  rail — the 
load  bearing  zone.  Ideal  as  an  all-round  production  tamper  for 
those  requiring  an  all-purpose  jacking-and-tamping  machine. 
ENTIRELY  PUSH-BUTTON  OPERATED.  This  machine  is  the 
product  of  intensive  research,  development  and  exhaustive  testing. 
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Today's  use  of  borates  for  maximum  control  of 
vegetation  began  years  ago  with  our  pioneer 
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weed  control.  These  four  weed  killers  are 
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PULLMAN-STANDARD 
□  PS-Power  Ballaster  D  PS-Power  Tie  Spacer 


PS-Power  Cribber 


PS-Rail  Handler 


■  PS-Electronic  Track  Raiser 


PS-Power  Tool  Carriage 
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IN  CANADA:  THE  HOLDEN  COMPANY  LTD. 
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HERE  IS  THE  WINNING  TEAM 

The  Woolery  NU  Tie  Cutter  and  the  Woolery  Tie-end  Remover  preserve  the  line  and  surface 
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Committee 


To  The  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress    report,    including    recommended    revision    of    Manual    material — 

Sees.  A  through   E  of  Pirt  .\   of  Chapter   16    page   1^0 

2.  Effect  of  degrees  of  curvature  on  cost  of  track  maintenance,  collaborating 
with  Committees  4  and  5. 
Final  report,  presented  as   information    page  207 

3.  Determination  of  maintenance  of  way  expenses  for  various  traffic  volumes, 
collaborating  with  Committee  11. 

This  as.-i^nmcnt  is  being  progressed  at  this  time  with  the  aid  of  a  study 
being  carried  out  on  one  of  the  larger  North  American  railroads.  Informa- 
tion gained  from  this  study  will  complement  and  give  direction  to  the 
regression  analysis  approach  now  beinn  explored. 

t.  Potential  applications  of  electronic  computers  to   railway   engineering  and 
maintenance    problems    in    research,    design,    inventory,    et<  .    collaborating 
with  Committees  11  and  .<0,  and  informally  with  tin-  Railway  Systems  and 
Procedures  Association. 
Uriel'  progress  report,  submitted  as  information   page     i 


ISO 


Hill 


1  °0  Economics    of    Railway    Location    and    Operation 

5.  Methods  of  reducing  time  of  freight  cars  between  loading  and  unloading 
points,  collaborating  with  Car  Service  Division,  AAK,  Signal  Section,  AAR, 
Operating-Transportation  Division,  AAR  and  American  Association  of  Rail- 
road Superintendents. 

The  committee  has  completed  preliminary  compilation  of  a  bibliography 
on  the  assignment  and  is  developing  a  plan  of  approach  covering  various 
phases  of   the  problem   disclosed  by  such  compilation. 

6.  Features  of  economic  and  engineering  interest  in  the  study,  design,  con- 
struction and  operation  of  new  railway  line  projects,  or  major  line  relo- 
cations,  proposed,  in  progress   or  recently   completed. 

Progress   report,   presented   as   information    page  211 

7.  Engineering,  maintenance  and  operating  benefits  to  be  derived  from  in- 
creased joint  use  of  railway  facilities,  collaborating  with  Committees  11, 
14  and  20. 

Progress   report,   presented  as   information    page  219 

8.  Innovations  in  railway  operations. 

No  report  at  this  time  due  to  lack  of  suggested  topics  for  investigation  not 
otherwise  reported.  Membership  is  urged  to  suggest  new  developments  for 
investigation  and  report. 

9.  The  effects  of  equated  mileage  and  traffic  tonnage  as  bases  for  allocation  of 
available  funds  for  maintenance  of  way  operations  on  main  and  branch 
lines. 

Assignment  has  been  progressed  by  study  of  budget  allocation  methods 
used  by  various  railroads,  but  further  progress  is  dependent  upon  results 
determined  under  Assignment  3,  of  variations  in  maintenance  of  way 
expense  for  various  traffic  volumes  and  development  of  adequate  equated 
track  mileage  formula. 

10.  Methods  of  minimizing  cost  of  construction  and  maintenance  of  industry 
tracks  to  improve  the  competitive  position  of  railways,  collaborating  with 
Committee  11. 

Final  report,   presented  as  information    page  221 

11.  Review  of  developments  in  new  methods  and  modes  of  transport. 

Progress  report,   presented  as  information    page  229 

The  Committee  on  Economics  of  Railway  Location  and  Operation, 

C.  L.  Towle,  Chairman. 
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Report  on  Assignment   1 

Revision  of  Manual 

A.  S.  Lang  (chairman,  subcommittee),  H.  S.  Bull,  R.  A.  Gleason,  T.  J.  Lamphier,  H.  P. 
Morgan,  T.  C.  Nordquist,  Geo.  Rugge. 

Your  subcommittee  submits  the  following  material  to  replace  that  now  in  Sees.  A 
through  E  of  Part  3  of  Chapter  16  of  the  Manual  (i.e.,  that  material  now  on  pages 
16-3-1   through    16-3  2t,K 


Economics    of    Railway    Location    and    Operation 191 

POWER 

A.  GENERAL 

1.  Types  of  Motive  Power 

The  principal  types  of  motive  power  used  by  American  railroads  are  electric,  diesel- 
electric,  steam,  gas  turbine-electric,  and  diesel-hydraulic  locomotives;  and  diesel- 
hydraulic,  gas-electric,  and  electric  rail  cars. 

In  order  to  compare  the  operating  characteristics  of  different  types  of  locomotives, 
or  to  study  the  economic  problems  associated  with  their  use  on  various  line  locations 
and  gradients,  it  is  necessary  to  become  familiar  with  a  few  basic  terms  and  concepts. 
It  may  also  be  necessary  to  understand  the  methods  of  calculating  speed-tractive  effort 
curves  for  these  locomotives  if  such  data  are  not  readily  available  from  the  manufacturer. 

2.  Horsepower 

Locomotives  are  generally  rated  in  terms  of  their  horsepower. 

In  electric  locomotives  the  rated  horsepower  is  the  power  available  at  the  rims  of 
the  drivers. 

In  diesel-  or  turbine-electric  locomotives  the  rated  horsepower  is  that  which  is 
input  to  the  main  generator  for  propulsion. 

Steam  locomotives  are  rated  in  terms  of  starting  tractive  effort  rather  than  horse- 
power, although  reference  is  sometimes  made  to  either  boiler  or  cylinder  horsepower. 

The  power  exerted  by  a  locomotive  at  the  rims  of  the  drivers  is  called  rail  horse- 
power. 

3.  Tractive  Effort 

Tractive  effort  is  the  propelling  force  which  a  locomotive  exerts  at  the  rims  of  its 
driving  wheels.  It  is  usually  expressed  in  pounds. 

The  relation  between  tractive  effort,  rail  horsepower,  and  speed  in  miles  per  hour  is 

(375)  (Rail  horsepower) 


Tractive  effort 


Speed 


Drawbar  tractive  effort  is  the  pulling  force  exerted  at  the  rear  drawbar  of  the  loco- 
motive or  its  tender,  that  is,  the  rail  tractive  effort  less  the  effort  necessary  to  move 
the  locomotive  itself. 

4.  Adhesion 

The  adhesion  of  a  locomotive  is  the  ratio  of  the  tractive  effort  needed  to  slip  the 
drivers  to  the  weight  on  the  drivers.  It  is  usually  expressed  in  percent.  Under  poor  rail 
conditions  (when  the  rail  is  both  oily  and  wet)  it  may  amount  to  less  than  S  percent, 
whereas  under  exceptionally  good  conditions  it  may  exceed  40  percent.  Poor  rail  condi 
tions  can  be  improved  by  the  use  of  sand  or  by  chemical  treatment.  ><>  that  it  may  be 
assumed  that  maximum  tractive  efforts  of  25  to  30  percent  of  the  weight  i  n  drivers  can 
normally  be  exerted  without  slip  and  will  thus  be  available  for  starting  train-. 

With  the  train  in  motion,  wheel  slip  may  occur  at  tractive  efforts  well  below  the 
starting  maximum,  due  to  imperfections  in  track  alinemenl  and  wheel  bouncing,  Th.it  is, 
adhesion  becomes  smaller  as  speed  increases.  At  60  mph,  for  instance,  adhesion  may  be 
1 ;   percent  or  lower,  even   with  good  rail  conditions. 

5.  Locomotive  Capacity 

The  rail  horsepower  which  a  locomotive  can  develop  depends  upon  the  nature  and 
location  ol  the  prime  source  "i  power  and  upon  the  type  and  design  of  the  locomotive 
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Electric  locomotives  receive  their  power  from  an  outside  source  which  is  ordinarily  as 
sumed  to  have  unlimited  capacity.  In   the  case  of  diesel-electric  and  steam  locomotives, 
however,  all  the  power  comes  from  a  source  on  the  locomotive  itself.  Thus,  rail  horse- 
power is  limited  by  the  available  shaft  horsepower  of  the  diesel  engine  in  the  first  case 
and  by   boiler  horsepower  in  the  second. 

All  locomotives  must  convert  this  prime  power  into  mechanical  power  for  applica- 
tion to  the  driving  axles.  The  theoretical  capacity  of  any  locomotive  which  is  not  already 
rated  in  terms  of  rail  horsepower  must,  therefore,  be  modified  by  the  characteristics  of 
the  power-converting  equipment  and  the  losses  associated  therewith.  For  diesel-electric 
locomotives  this  transmission  efficiency  is  in  the  range  of  SO  to  85  percent  and  will  vary 
with  the  track  speed  of  the  locomotive. 

The  rail  horsepower  available  for  starting  and  moving  a  train  is  also  limited  by  the 
adhesion  between  the  driving  wheels  and  the  rail.  In  diesel-electric  and  electric  locomo- 
tives rail  horsepower  is  further  affected  by  the  operating  temperature  and  commutation 
limitations  of  the  traction  motors. 

6.  Locomotive  Performance 

The  extreme  difficulty  in  predicting  steam  locomotive  performance  from  design  data 
and  the  uncertainty  introduced  by  maintenance  practices,  quality  of  fuel,  and  the  varying 
skills  of  individual  operators  make  it  advisable  to  estimate  the  service  performance  of 
ste3m  locomotives  at  somewhat  less  than  their  maximum  theoretical  capacity.  The 
greater  opportunity  for  control  automation  in  electric,  diesel-electric  and  turbo-electric 
locomotives,  and  the  more  predictable  nature  of  their  power  conversion  process  make 
such  a  reduction  in  theoretical  capacity  largely  unnecessary.  (The  performance  charac- 
teristics of  the  several  types  of  locomotives  are  discussed  in  more  detail  in  following 
sections.) 

Where  two  or  more  locomotives  are  used  on  the  same  train,  it  is  customary  to  rate 
the  combination  at  the  sum  of  the  individual  ratings.  An  exception  to  this  rule  must  be 
made,  however,  when  this  would  reduce  train  speed  below  the  minimum  continuous 
speed  (see  Sec.  B.  Art.  2  (c)  below)  for  any  one  of  the  locomotives.  In  that  case  each 
locomotive  must  be  rated  at  a  speed  corresponding  to  the  highest  minimum  continuous 
speed  of  the  various  locomotives  involved. 

Three  factors  are  important  in  determining  the  performance  of  locomotives  in  any 
type  of  service. 

(a)  Rail  horsepower  determines  how  much  time  a  locomotive  requires  to  haul  a 
train  of  given  tonnage  between  two  points. 

(b)  Tractive  effort  determines  how  much  tonnage  a  locomotive  can  handle  and  is 
of   particular   importance   on   ascending  grades. 

(c)  Adhesion  determines  how  much  of  the  potential  tractive  effort  can  be  used  and 
is  of  particular  importance  in  starting  and  at  low  speeds. 

7.  Locomotive  Classification 

There  are  two  generally  accepted  methods  for  classifying  locomotives  by  their  wheel 
arrangement:  the  Whyte  system,  used  for  steam  locomotives;  and  the  Standard  system, 
used  for  all  others. 

In  the  Whyte  system  a  series  of  hyphenated  numbers  is  employed  to  indicate,  in 
sequence,  the  number  of  wheels  on  the  front  truck,  the  driving  axles,  and  the  rear  truck. 
Thus  a  4-10-2  type  is  one  having  a  4-wheeled  front  or  pilot  truck,  5  pairs  of  coupled 
driving  wheels  and  a   2 -wheeled  rear  truck. 
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The  Standard  system  is  a  more  recenl  system  devised  to  avoid  confusion  in  dis 
I in^uishinp;  between  driving  and  nondriving  axles.  In  this  system  letters  are  used  hi 
indicate  the  number  of  driving  axles  and  numbers  to  indicate  the  idle  axles.  Hyphens 

arc  used  to  indicate  the  separation  "i  axels  into  groups,  Thus  2  I)  2  indicates  a  locomo 
tive  having  a  group  (probably  a  truck)  of  two  guiding  axles,  then  a  group  of  four 
driving  axles,  and  finally  a  group  (or  truck)  with  two  more  guiding  or  idle  axles.  If  one 
or  more  axles  on  a  guiding  or  trailing  truck  are  motor  driven,  letters  are  employed  to 
indicate  this.  Thus  lA-C-Al  designates  a  locomotive  in  which  the  pilot  and  trailing 
trucks  each  have  one  idle  axle  and  one  motor-driven  axle,  and  the  main  or  (inter  truck 
has  three  driving  axles. 

B.  ELECTRIC  LOCOMOTIVES 

1.  General 

Two  general  power  distribution  systems  are  used  on  the  electrified  railways  of  the 
North  American  continent;  namely,  the  direct-current  and  the  alternating-current  sys- 
tems.  Current   collection  may  be  accomplished   through    tin-   medium   of  collector   shoes 

sliding  on  a  third  rail,  or  by  use  of  a  pantograph  or  trolley  wheel  in  contact  with  an 
overhead  trolley  wire.  The  former  is  preferable  lor  trains  requiring  heavy  currents  at 
moderate  voltages,  while  the  latter  is  best,  from  the  standpoint  of  both  safety  and 
economy,  for  high  voltage  systems. 

There  are  four  distinct  types  of  electric  locomotives  of  sufficient  importance  to 
warrant  mention  here: 

(a)  those  equipped  with   d-c  traction  motors  fed  from  a  d-c  system, 

(b)  those  equipped  with  single-phase  a-c  traction  motors  fed  from  a  single  phase 
a-c  contact  system, 

(c)  those  equipped  with  d-c  traction  motors  fed  through  rectifiers  from  a  single- 
phase  a-c  contact  system, 

(d)  those  equipped  with  d-c  traction  motors  fed  from  a  d-c  generator  which  is 
mechanically  driven  by  a  single-phase  a-c  motor  receiving  current  from  a 
single-phase  contact  system. 

Though  single  electric  locomotive  units  can  be  built  to  very  large  size,  it  is  also 
possible  to  operate  two  or  more  locomotive  units  in  multiple  under  a  single  control. 

2.  Operating  Characteristics 

(a)  Horsepower  Ratings 

The  horsepower  ratings  for  electric  locomotives  are  expressed  in  terms  of  rail  horse- 
power at  a  specified  speed.  One  hour  or  short-time  ratings  are  usually  given  also.  These 
ratings  are  governed  by  the  maximum  safe  temperature  rise  in  the  motor  windings, 
which  in  turn  is  governed  by  the  length  of  time  they  are  required  to  carry  current,  the 
amount  of  current,  and  the  means  provided  (usually  forced  ventilation)  to  dissipate 
the  heat  thus  produced.  It  follows  that  if  the  ambient  temperature  IS  low  the  safe  horse- 
power loading  may  be  increased. 

Figs.  1,  2,  and  3  show  typical  curves  of  rail  horsepower  VS.  speed  for  different  types 
of  electric  locomotives. 

(b)  Locomotive  Capacity 

Since  electric  locomotives  draw  their  power  from  an  external  source  having  an  ex- 
tremely large  capacity,  the  locomotive  capacity  is  normally  limited  only  by  the  amount 
of  power  that   can   be   used   without  slipping  the  drivers  and   by    the  commutation   and 
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Fig.    1 — Tractive  effort  and  horsepower  curves   for  a  600-v  d-c  locomotive 
with  series-parallel  control. 


temperature  limitations  of  the  traction  motors.  Since  it  takes  an  appreciable  time  to 
reach  dangerous  operating  temperatures  in  any  case,  traction  motors  usually  have  large 
short-time  overload  capacities. 

Because  of  the  non-pulsating  torque  created  by  electric  traction  motors  and  the 
possibility  of  good  weight  distribution  on  all  drivers,  the  adhesion  limit  for  electric 
locomotives  is  relatively  high.  In  most  instances  a  conservative  figure  of  25  percent  is 
assumed  for  a  locomotive  starting  a  train  on  a  wet  rail  with  sand,  and  30  to  35  percent 
on  a  clean  dry  rail.  A  lower  figure  of  perhaps  20  percent  is  more  appropriate  for 
continuous  hauling. 

(c)  Minimum  Continuous  Speed 

Among  the  factors  affecting  the  speed  at  which  an  electric  locomotive  can  pull  a 
train,  the  most  important  is  the  tractive  effort  required  to  overcome  the  drag  of  the 
train.  An  increase  in  tractive  effort  can  only  be  secured  by  an  increase  in  traction  motor 
current,  and  this  is  normally  accompanied  by  a  decrease  in  speed.  If  the  tractive  effort 
requirement  increases  to  such  an  extent  that  the  current  needed  to  produce  it  reaches 
the  continuous  current  rating  of  the  traction  motors,  the  speed  at  which  the  locomotive 
is  then  operating  may  be  termed  its  minimum  continuous  speed. 
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This  definition  of  minimum  continuous  speed  is  reasonabi}  satisfactory  for  d-c  loco- 
motives using  a  series  parallel  type  of  controller  without  field  weakening.  Main  electric 
locomotives  have  controllers  which  permit  the  selection  of  several  motor  voltages  or 
several  motor  field  strengths,  however,  and  there  will  usuall]  be  a  minimum  continuous 
speed  for  eat  li  of  these  controller  settings.  Hence  the  term  "minimum  continuous  speed" 
i^  somewhat  ambiguous  when  applied  to  electric  locomotives  m  general. 
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Fig.  3 — Tractive  effort  and  horsepower  curves  for  a  single-phase 
rectifier   locomotive   (11,000  v,  25   cycles). 


(d)  Gearing 

Some  electric  locomotives  have  been  built  with  the  motor  armatures  mounted  di- 
rectly on  the  driving  axles.  This  design  has  not  been  followed  in  recent  years.  Modern 
locomotives  have  the  motor  armature  shaft  coupled  to  the  driving  axle  by  spur  gearing, 
with  a  small  gear  or  pinion  on  the  armature  shaft  meshing  with  a  large  gear  on  the 
driving  axle.  This  arrangement  permits  the  use  of  a  high-speed  armature  which  gives 
greater  horsepower  per  pound  of  motor  weight.  Usually  each  driving  axle  is  geared  to 
one  motor,  though  at  least  one  railroad  employs  locomotives  having  twin  motors  en- 
gaging each  driving  axle  through  spur  gears.  Rigid  gears  are  usually  employed.  Some  use 
has  been  made  of  flexible  gears  consisting  of  a  central  spider  mounted  on  the  axle,  and 
an  outside  ring  gear  with  spring  units  coupling  the  two  parts. 

Alteration  of  the  basic  speed  and  tractive  effort  properties  of  a  given  locomotive 
may  often   be  accomplished  by  a  simple  change  of  gear  ratio.  Increasing  the  gear  ratio 
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increases  the  maximum  tractive  effort.  At  the  same  time,  because  of  limitations  on  the 
maximum  rotational  speed  of  the  traction  motor  armatures,  increasing  the  gear  ratio 
reduces  the  maximum  track  speed  by  roughly  the  same  percentage. 

(e)  Locomotive  Performance 

It  is  customary  for  locomotive  manufacturers  to  furnish  speed — tractive  effort  curves 
for  both  continuous  and  short-time  ratings.  Because  of  the  irregular  nature  of  the  trac- 
tive effort  and  horsepower  characteristics  of  most  types  of  electric  locomotives,  it  is 
almost  impossible  to  predict  performance  in  the  absence  of  such  manufacturer's  data. 
Where  only  motor  characteristics,  gearing  and  driver  diameter  are  known,  however,  the 
following  equations  relating  locomotive  speed  and  tractive  effort  to  motor  revolutions  per 
minute  and  shaft  torque  may  be  useful. 

dXPXS 


V  = 


TE 


336  XG 
T  X  G  X  24  X  e 


dX  P 

Where  V  =  locomotive  speed  in  miles  per  hour 
TE  =  locomotive  tractive  effort  in  pounds 
S  =  motor  armature  revolutions  per  minute 
T  =  motor   torque  in  pound-feet 
d  =  driver  diameter  in  inches 
p  =  number  of  teeth  on  pinion 
G  =  number  of  teeth  on  gear 
e  =  gear  efficiency  (0.95  to  0.97) 


Typical  Ratings 
Direct -Current  Locomotives 


11.000 

1 1 , ooo 


II  .00(1 
I  I     110(1 


Single-Phase    Locomotives    With    Single-Phase    Motors 


210 ,  000 
300,000** 


348  (I'm 
7Ki  (100*** 


35,400 

33,000 


38,400 
57,000 


2.500 
1,600 


2 ,  700 
6,200 


Single-Phase   Rectifier  Locomotive 
'  Hourly  ratings  ao1  available 


3  1,100 

13.'.  01 1(1 


1.0(1(1 

6,000 


Nominal 

Trolley 
V ullage 

Weight  in 

Drieers 

Pouioi 

Tractive  Effort 

Hois,  pi 

inr 

Spt  ill 

Cont. 

Hourly 

Cont. 

Hourly 

I 'nut. 

Max. 

3 ,  400 

:;.  Kin 

i.iiii 

(100 

420.000 
931,000 

260,600* 
351 ,400 

49,000 
161,000 

12,500 
41,200 

66,000 
212,000 

18,500 
55 , 800 

3,400 
6,680 

1,950 
2,660 

4,200 
8,200 

2,  1?:, 
3,320 

26.0 
15.5 

57.1 

21.2 

70 
45 

77. 

mi 

2H.."! 

.-,0 


11 
17 


li.-, 
100 


'.in 
63 


-•  •    Fig.  1. 
I  ig.  2. 
Fig.  3. 


Fig.  1   shows  typical  curves  of  tractive  effort  vs.  speed  and  rail  horsepower  VS    speed 
for  a  direct-current  locomotive  equipped  with  series-parallel  cont rul 

Fig    2   shows  similar  curves   for  a   single  phase  a  i    locomotive  with   -ingle-phase 
traction  motors. 
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Fig.  3  shows  similar  curves  for  a  single-phase  rectifier  locomotive  with  d-c  traction 
motors. 

It  should  be  noted  that  manufacturers  usually  base  their  ratings  on  lull  substation 
voltage.  For  performance  estimates  it  may  be  necessary  to  modify  these  ratings  somewhat 
to  reflect  actual  voltages.  Low  voltages  will  reduce  speed  and  horsepower,  though  they 
do  not  reduce  tractive  effort. 

(f)  Effects  on  Locution  and  Operation 

The  high  short-time  ratings  of  electric  locomotives  make  it  possible  to  overcome 
sections  of  short,  steep  grades  without  the  use  of  helpers  as  might  be  required  for  steam 
locomotives  or,  in  some  cases,  even  for  diesel-electric  locomotives.  In  addition,  the  high 
acceleration  of  electric  locomotives  make  them  especially  suitable  for  runs  which  require 
frequent  stops  and  starts.  At  the  same  time  they  can  mike  long  runs  without  servicing.1 

3.  Electric  Braking 

(a)  Operating  Characteristics 

There  are  two  forms  of  electric  braking  which  convert  the  stored  energy  of  a  moving 
train  into  electrical  energy,  thus  making  it  possible  to  reduce  the  heating  and  wear  of 
friction  brake  shoes  and  wheels.  In  one  form,  which  is  known  as  dynamic  or  resistance 
braking,  the  electrical  energy  is  converted  into  heat  by  delivering  current  to  braking 
resistors  which  are  mounted  on  the  locomotive  for  that  purpose.  In  the  other  form, 
known  as  regenerative  braking,  electrical  energy  is  returned  to  the  distribution  system 
through  the  trolley  or  third  rail  contact,  where  it  becomes  available  to  supply  power  to 
other  trains  on  the  system. 

For  either  form  of  braking  the  traction  motors  are  converted,  by  appropriate  opera- 
tion of  the  controller,  into  electric  generators.  Since  traction  motors  are  always  of  the 
series  field  type,  stable  generator  operation  for  braking  purposes  can  only  be  secured 
by  separately  exciting  their  fields  from  a  suitable  source  provided  in  the  locomotive  and 
then  feeding  current  from  their  armatures  either  into  suitable  braking  resistors  or  back 
into  the  trolley. 

When  skillfully  used  by  the  locomotive  engineer,  electric  braking  may  permit  the 
control  of  long  trains  with  little  or  no  use  of  the  air  brakes.  There  is  always  a  minimum 
armature  speed  below  which  electric  braking  cannot  be  obtained,  however,  so  that  it 
cannot  be  depended  upon  to  bring  a  train  to  a  dead  stop.  Neither  can  it  hold  a  train 
stationary  on  a  grade. 

The  actual  amount  of  braking  force  which  can  be  developed  is  limited  by  the 
capacity  of  the  electric  braking  equipment  and  its  operating  characteristics.  The  maxi- 
mum braking  effort  of  a  locomotive  is  also  limited  by  adhesion.  In  practice  it  is  cus- 
tomary to  limit  the  maximum  braking  effort  to  20  percent  of  the  weight  on  drivers. 
A  typical  braking  curve  is  shown  in  Fig.  4. 

(b)  Effects  on  Location  and  Operation 

The  economic  advantages  of  dynamic  braking  are  such  as  to  have  justified  its  wide- 
spread use  on  both  straight  electric  and  diesel-electric  locomotives.  This  is  in  spite  of 
the  increased  cost  of  the  braking  equipment  and  the  space  required  on  the  locomotive 
for   it.   In   particular,   the   locating   engineer   should   consider   the    following  advantages: 

1.  Reduced  maintenance   on   brake  shoes,   wheels,   rails,  draft  gear,  and  air  brake 
equipment. 


1  See  W.   W.   Hay,    Railroad  Engineering,.   Vol.    1    (N.   Y.    1953)   pp.    Ill    ff. 
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Fig.  4 — Typical  dynamic  braking  characteristic,  single-phase 
electric   locomotive    (3000  hp   rating). 

2.  Increased  safety  of  operation  due  to  the  reduced  danger  of  overheating  brake 
shoes  and  wheels. 

3.  Higher  safe  speeds  on  downgrades  because  of  increased  braking  reliability. 

4.  Elimination    of    train    stops   to   cool   wheels   and    to    set   up   or   knock   down 
retainers. 

The  use  of  regenerative  braking  can  further  effect  large  power  savings  in  territory 
with  long  heavy  grades,  if  traffic  density  is  sufficient  to  insure  that  trains  which  can 
utilize  the  energy  are  moving  upgrade  at  the  same  time  that  electric  braking  is  being 
used  on  downgrade  trains,  or  if  power  can  be  returned  to  a  commercial  grid.  When  cal- 
culating the  amount  of  power  which  can  thus  be  produced  it  is  necessary  to  consider 
the  capacity  of  the  braking  equipment  as  well  as  its  efficiency.  Some  of  the  stored  energy 
of  a  train  is  lost  in  overcoming  train  resistance,  moreover,  so  that  only  part  of  it  can 
be  converted  back  into  electric  energy.  Trolley  and  transmission  line  losses  will  further 
reduce  the  energy  thus  made  available  to  other  trains. 


C.  DIESEL-ELECTRIC  LOCOMOTIVES 
1.  General 

A  diesel-electric  locomotive  unit  is  powered  by  a  diesel  engine  prime  mover  direct- 
coupled    to    a    direct-current    generator.    The    generator    feeds    current    to    series-wound 
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direct-current  traction  motors  mounted  on  the  engine  trucks.  The  traction  motors  are 
in  turn  connected  to  the  driving  axles  through  reduction  gears.  Each  locomotive  unit 
contains  at  least  one  such  complete  power  plant  and  drive  system. 

Diesel-electric  locomotives  may  consist  of  one  such  unit,  or  of  two  or  more  units 
operated  in  multiple  under  a  single  control.  Units  equipped  with  an  operator's  cab  and 
a  complete  set  of  operator's  controls  are  referred1  to  as  "A"  or  "cab"  units;  those  without 
a  cab  and  complete  controls  are  referred  to  as  "B"  units.  Locomotives  used  in  yard  or 
switching  service  normally  consist  of  one  unit ;  those  used  in  line-haul  service  most  often 
consist  of  two,  three,  or  four  units. 


2.  Operating  Characteristics 

(a)  Horsepower  Ratings 

The  horsepower  ratings  for  diesel-electric  locomotives  are  in  terms  of  the  power 
which  the  diesel  engine  delivers  to  the  main  generator  for  propulsion.  Unlike  electric 
locomotives,  which  may  have  short-time  power  ratings,  diesel-electric  locomotives  are 
essentially  constant  maximum  horsepower  machines. 

The  actual  power  of  the  diesel  engine  will  exceed  its  maximum  rated  output  by  an 
amount  sufficient  to  provide  for  the  operation  of  auxiliaries  such  as  traction  motor 
blowers,  air  compressor,  etc. 

A  typical  horsepower  curve  is  shown  in  Fig.  5. 
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(b)  Locomotive  Capacity 

The  capacity  of  a  diesel-electric  unit  is  limited  by  the  maximum  available  shaft 
horsepower  of  the  diesel  engine  prime  mover  and  the  efficiency  of  the  electro-mechjnical 
transmission  system.  The  former  is  substantially  constant  and  does  not  depend  in  any 
way  upon  the  track  speed  of  the  locomotive.  The  latter  varies  slightly  with  track  speed 
but   can   for   most  purposes   be  assumed   constant. 

At  low  track  speeds  continuous  rail  horsepower  is  further  limited  by  allowable 
traction  motor  heating.  At  high  track  speeds  limitations  on  the  main  generator  may 
similarly  reduce  rail  horsepower  to  less  than  that  available  from  the  prime  mover. 

The  tractive  effort  is  also  limited  by  adhesion,  which  is  usually  taken  as  25  or  30 
percent  of  the  weight  on  drivers  at  starting  and  18  or  20  percent  of  the  weight  on 
drivers  for  continuous  hauling. 

Minimum    Continuous  Speed 

The  continuous  current  rating  of  the  traction  motors  is  determined  by  their  design 
and  by  the  capacity  of  the  traction  motor  blowers  to  dissipate  the  heat  produced  at  high 
current  levels.  Since  the  current  drawn  by  the  motors  increases  as  locomotive  track  speed 
is  reduced,  the  maximum  continuous  current  rating  imposes  a  minimum  continuous  speed 
rating  en  the  locomotive. 

The  minimum  continuous  speed,  in  turn,  determines  the  maximum  continuous 
tractive  effort  which  the  locomotive  can  exert.  In  some  of  the  newer  freight  locomotives 
this  tractive  effort  may  exceed  the  adhesion  of  the  drivers,  however,  so  that  the  locomo- 
tive may  be  counted  upon  to  slip  before  it  can  do  damage  to  its  motors. 

(d)  Gearing 

Most  diesel-electric  locomotives  are  so  designed  that  different  gear  ratios  can  be 
provided  between  the  traction  motors  and  the  driving  axles.  High  gear  ratios  permit 
lower  continuous  speeds  and  thus  higher  maximum  tractive  effort  for  freight  service.  At 
the  same  time,  because  of  limitations  on  the  maximum  speed  of  the  traction  motor 
arnntures.  high  gear  ratics  will  impose  lower  maximum  track  speeds. 

Low  gear  ratios  permit  higher  maximum  speeds  for  passenger  operations,  but  also 
raise   the  minimum  continuous  speed  and  lower  the  maximum  tractive  effort. 

(e)  Locomotive  Performance 

It  is  customary  for  manufacturers  to  furnish  speed — tractive  effort  curves  as  well  as 
information  on  short-time  ratings  for  their  locomotives.  Where  only  the  rated  shaft 
horsepower  of  the  diesel  prime  mover  is  known,  however,  it  is  possible  to  predict  locomo- 
tive performance  on  the  basis  of  the  following  equation: 

y,,. 375  HP  e 

~    ~~V 
where  TE  =    tractive   effort   in    pounds 

///'  —net   available   (rated:    horsepower  of   the  diesel  engine 
V=   track  speed  in   miY-  per  hom- 
er:: efficiency    of    the    electro-mechanical    drive    system,    USUall)     taken    as 
0.82  or  0.83. 

Net    available    (rated)     hor-epower    of    the    die>e1    engine    m.n     lie    a>-unied    to    be    applosi 

stately  0.93  of  it-  gross  horsepower  where  only  the  latter  is  known. 

It  i-  not  possible  in  the  absence  of  manufacturer's  data  t"  determine  minimum  ion 

tihUOUS  speed,   maximum   allow  able   -peed,   or   -hort-time   power   ratings,   since   these  vary 
over  a  considerable  range  depending  upon  the  details  "i  each  manufacturer's  design.  In 
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general  it  is  safe  to  assume,  however,  that  high  enough  gear  ratios  are  available  to  permit 
utilization  of  full  adhesion  for  operation  on  heavy  grades. 

Fig.  6  shows  a  typical  speed — tractive  effort  curve  for  a  general-purpose  locomotive. 
Minimum  continuous  and  maximum  speeds  are  indicated  for  different  gear  ratios. 

(f)  Effects  on  Location  and  Operation 

Diesel-electrics  possess  operating  advantages  similar  to  electric  locomotives.  Their 
short-time  ratings  permit  them  to  overcome  short  sections  of  steep  gradient  without  the 
use  of  helper  engines.  They  have  good  accelerating  ability.  They  can  make  long  runs 
without  servicing.2 

3.  Dynamic  Braking 

(a)  Operating  Characteristics 

Diesel-electric  locomotives  may  be  equipped  for  dynamic  braking  in  the  same  way 
as  electric  locomotives.  The  operating  characteristics  of  such  equipment  are  generally  as 
described  in  Sec.  B,  Art.  3  (a)  for  electric  locomotives.  In  general,  it  can  be  assumed 
that  a  locomotive  going  down  a  grade  can  control  with  its  dynamic  brake  the  same 
tonnage  which  it  can  haul  up  that  grade  at  its  continuous  rating. 

(b)  Effects  on  Location  and  Operation 

The  advantages  of  dynamic  braking  are  the  same  as  described  in  Sec.  B,  Art.  3  (b) 
for  electric  locomotives.  In  general,  these  advantages  are  more  significant  in  moun- 
tainous territory;  but  where  long  trains  are  being  operated  dynamic  brakes  have  proven 
economically  feasible  even  in  relatively  flat  terrain. 


D.  STEAM  LOCOMOTIVES 

1.  General 

Steam  locomotives  are  no  longer  in  general  use  in  the  United  States  and  Canada, 
although  they  comprise  the  majority  of  the  motive  power  in  the  rest  of  the  world. 
Though  quite  inefficient  in  comparison  with  other  types  of  locomotives,  they  possess  a 
major  advantage  in  that  their  capital  cost  per  unit  of  horsepower  is  low. 

Steam  locomotives  are  somewhat  less  adaptable  to  different  types  of  service  and 
operating  conditions  than  either  electric  or  diesel-electric  locomotives.  In  particular  they 
are  often  designed  for  a  specific  grade  of  fuel  and  quality  of  boiler  water  and  may  not 
perform  satisfactorily  if  these  conditions  change  materially.  They  cannot,  moreover, 
be  modified  for  a  different  class  of  service  by  means  of  a  simple  gear  change  as  can 
many  electric  or  diesel-electric  locomotives. 

From  the  standpoint  of  line  location,  aside  from  their  somewhat  different  operating 
characteristics  (as  below),  the  principal  problem  which  steam  locomotives  pose  is  that 
of  sufficient  on-line  water  supply. 

2.  Operating  Characteristics 

(a)  Tractive  Effort 

It  is  common  practice  to  rate  steam  locomotives  in  terms  of  tractive  effort  rather 
than  horsepower.  Two  types  of  tractive  effort  come  into  question: 

(1)  Rated  or  cylinder  tractive  effort — Computed  on  the  basis  of  the  force  exerted 
on  the  pistons  by  the  steam  in  the  cylinders  in  accordance  with  the  following  formula: 


See  W.  W.   Hay,   Railroad  Engineering,  Vol.    1    (N.  Y.    1953),   pp.    125—131. 
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Rated  TE  =  K  P  rf"5 
D 

where  K  =  ratio  of  the  mean  effective  pressure  in  the  cylinders  to  that  in  the  boiler 
(usually  assumed  —  0.85) 
P  =  boiler  pressure  in  pounds  per  square  inch 
d  =  cylinder  diameter  in  inches 
S=  length  of  stroke  in  inches 
D  =  diameter  of  the  drivers  in  inches 

(2)  Driver  tractive  effort — Obtained  by  correcting  the  cylinder  tractive  effort  for 
the  mechanical  losses  in  the  cylinders,  valve  gear,  and  main  and  side  roads.  This  cor- 
rection is  usually  estimated  to  be  20  pounds  per  ton  of  locomotive  weight  on  drivers. 

(b)  Locomotive  Capacity 

The  capacity  of  a  steam  locomotive  is  limited  partly  by  the  capacity  of  the  cylinders 
and  partly  by  the  steaming  capacity  of  the  boiler.  At  low  speed  the  steaming  capacity 
of  the  boiler  is  much  greater  than  the  capacity  of  the  cylinders  to  use  steam;  at  high 
speed  the  reverse  is  true.  At  high  speeds  more  efficient  use  may  be  made  of  the  steam 
by  shortening  the  cutoff,  admitting  steam  to  the  cylinders  for  only  part  of  the  stroke. 

The  capacity  of  the  cylinders  depends  upon  their  size.  The  steaming  capacity  of  the 
boiler  depends  upon  the  area  of  evaporating  surface,  the  firebox  area,  the  grate  area, 
the  quality  of  fuel,  and  the  method  of  firing. 

Rail  horsepower  is  also  limited  at  low  speeds  by  adhesion.  In  this  respect  steam 
locomotives  are  at  a  s'ight  disadvantage  because  of  the  pulsating  torque  delivered  to 
the  drivers.  Modern  practice  assumes  25  percent  adhesion  under  only  the  best  conditions. 

(c)  Locomotive  Performance" 

It  is  customary  for  manufacturers  to  furnish  speed — tractive  effort  curves  for  their 
locomotives.  Where  only  the  principal  dimensions  of  a  locomotive  are  known,  however, 
it  is  possible  to  predict  performance  approximately  by  means  of  a  set  of  speed  factors. 
These  are  multiplied  by  the  rated  (starting)  tractive  effort  to  yield  a  curve  of  tractive 
effort  vs.  speed. 

A  number  of  such  sets  of  speed  factors  or  methods  of  computing  them  have  been 
developed.  Most  of  these  assume  a  specific  rate  of  steam  production  and  a  specific  cutoff 
which,  though  somewhat  unrealistic,  is  sufficiently  accurate  for  location  and  operating 
studies. 

In  any  case,  rated  tractive  effort  can,  with  no  appreciable  inaccuracy,  generally  be 
assumed  to  be  constant  for  track  speeds  up  to  10  or  15  mph. 

Fig.  7  shows  a  typical  speed — horsepower  and  speed — tractive  effort  curve  for  a 
modern  II.  S.  freight  locomotive. 

E.  OTHER  TYPES  OF  MOTIVE  POWER 

1.  Gas  Turbine-Electric 

The  gas  turbine-electric  locomotive  is  basically  the  same  as  a  diesel-electric  locomo- 
tive except  that  it  employs  a  gas  turbine  instead  of  a  diesel  engine  for  a  prime  mover. 
The  differences  between  the  two  types  of  motive  power  are  thus  simply  those  between 
the  two  types  of  prime  movers.  There  is  no  substantial  difference  between  their  speed — 


3  For   a   detailed   discussion   of   steam   locomotive   characteristics  and   techniques   for   estimating   their 
performance  see   AREA   Proceedings,   Vol.   39    (1938),  pp.  440-459. 
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Fig.    7 — Tractive   effort  and  horsepower   curve   for   a   steam   freight 
locomotive    (2-10-2   type). 


tractive  effort  characteristics,  for  instance,  because  in  both  cases  the  prime  movers  func- 
tion as  constant   horsepower  machine.-. 

The  therm  d  efficiency  of  the  gas  turbine  is  lower  than  that  of  a  die-el  engine,  but  it 
burn-  less  costly  fuel  so  that  its  overall  fuel  cost  is  about  the  same.  The  more  significant 
difference  with  respect  to  location  and  operation  is  that  the  gas  turbine  burns  relativeb 
constant  amounts  of  fuel  regardless  of  whether  it  is  operating  at  full  load  or  at  no  load. 
Thus  a  straight  gas  turbine  unit  is  best  suited  to  heavy  freight  service  over  profiles 
which  require  stead)  pulling.  Combination  locomotives  equipped  with  an  auxiliary  die-el 
unit    for  use  at   low    loads  are  less  restricted  in  this  regard. 

Another  characteristic  of  the  gas  turbine— electric  locomotive  which  may  be  oi   sig- 
nificance  is   that    it    can   be   built    in   much   higher   horsepower   unit-   than   can   a   die-el 
electric. 
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2.  Diesel-Hydraulic 

Diesel-hydraulic  locomotives  are  widely  employed  in  some  countries  but  arc  new 
to  the  United  States.  Basically  they  consist  of  a  diesel  prime  mover  driving  truck- 
mounted  axles  directly  through  an  hydraulic  torque  converter.  They  may  he  operated 
under  single  or  multiple  unit  control. 

Insofar  as  location  and  operation  are  concerned,  the  diesel-hydraulic  differs  from 
the  dicsel-electric  in  several  important  respects.  First,  their  high  torque  conversion  ratio 
permits  high  continuous  tractive  effort  and  high  maximum  speeds  in  the  same  unit.  Sec- 
ond, because  of  the  mechanical  coupling  between  axles  they  can  develop  high  adhesion. 
Third,  full  power  can  be  delivered  at  low  speeds  without  developing  the  high  trans- 
mission  temperatures  which  limit  the  capabilities  of  the  diesel-electric. 

3.  Other 

A  few  other  types  of  locomotives  have  been  used  on  a  limited  or  an  experimental 
basis.  One  of  these  is  the  steam  turbine-electric  locomotive.  Another  unit  is  the  coal-fired 
gas  turbine-electric.  Information  on  their  special  operating  characteristics  is  available 
from  the  manufacturers. 

Self-propelled  rail  cars  may  also  be  of  interest  in  connection  with  problems  of  loca- 
tion and  operation.  The  bulk  of  these  have  either  electric,  gas-electric,  or  diesel-hydraulic 
drive.  Their  operating  characteristics  are  very  similar  to  those  of  electric,  diesel-electric, 
or  diesel-hydraulic  locomotives  respectively. 
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Report  on  Assignment  2 
Effect  of  Degrees  of  Curvature  on  Cost  of  Track  Maintenance 

Collaborating   with   Committees   4   and   5 

L.  P.  Diamond  (chairman,  subcommittee),  J.  W.  Bolstad,  D.  E.  Brunn,  S.  B.  Gill, 
R.  L.  Grav,  J.  E.  Inman,  C.  A.  James.  A.  S.  Lane,  R.  L.  Milner,  A.  L.  Sams,  I..  K. 
Ward. 

This  is  a  final  report,  presented  as  information. 

Previous  progress  reports  on  this  assignment  appear  in  the  Proceedings,  Vol.  53, 
1952,  page  946;  Vol.  58,  1957,  page  346;  Vol.  59,  1958,  page  392;  and  Vol.  60,  1959, 
page  210. 

The  principal  findings  of  these  prior  reports  may  be  summarized  as  follows: 

(a)  Data  on  the  average  age  of  more  than  a  half  million  ties  in  track  on  12  rail- 
roads do  not  indicate  any  significant  influence  of  curvature  on  cross  tie  replacement. 
Any  effects  that  curvature  may  have  on  cross  tie  replacement  are  usually  offset  by  other 
factors  which  govern  replacement  policy,  such  as  cyclic  system  gang  scheduling,  variation 
in  maintenance  programs  and  opportunity  for  replacement. 

(b)  Curvature  has  a  significant  effect  upon  rail  deterioration.  The  rate  of  rail  head 
wear  per  unit  quantity  of  traffic  tonnage,  accounting  for  the  rate  of  accumulation  of 
traffic  tonnage,  affords  a  measure  of  rail  deterioration.  To  achieve  a  broad  base  for  con- 
clusions, in  addition  to  curvature,  the  effects  cf  rail  position  gradient,  rail  weight,  and 
traffic  direction  were  taken  into  account  in  determination  of  the  rates  of  rail  deterioration. 

(c)  Data  on  the  volume  of  two  types  of  ballast  required  to  maintain  29  miles  of 
track  over  an  18-year  period  do  not  indicate  any  significant  influence  of  curvature  on 
the  total  volume  of  ballast  used  over  the  18-year  period.  Other  factors  appear  more 
influential  in  determining  ballast  maintenance  costs.  These  factors  may  include  roadbed 
stability,  ballast  subsidence,  smoothing,  cribbing,  and  availability  of  funds,  among  others. 

(d)  Total  costs  in  each  of  the  primary  ICC  Accounts  212  through  220  are  not  suit- 
able for  accurate  determination  of  the  effect  of  curvature  upon  the  cost  of  maintenance 
of  ties,  rail,  other  track  material,  ballast  and  of  the  labor  for  installation  of  these  mate- 
rials, as  well  as  other  costs  of  surfacing,  shimming,  lining,  and  so  on.  Primary  account 
totals  are  affected  by  factors  extraneous  to  the  title  of  the  account,  by  differing  account- 
ing practices  among  companies,  and  by  mixing  of  labor  and  material  charges. 

These  studies  show  that  the  only  track  components  whose  costs  of  maintenance  are 
demonstrably  affected  by  curvature  are  rail  and  other  track  materials  associated  with 
rail.  Costs  of  other  track  components  and  nearly  all  procedures  necessarj  to  maintain 
them  in  satisfactory  operative  condition  appear  to  be  governed  or  principally  influenced 
by  factors  other  than  curvature. 

With  respect  to  item  (d)  above,  an  analysis  of  ICC  primary  Account  220  into  several 
component  parts,  based  upon  data  which  conform  reasonably  closely  to  recent  national 
averages,  is  presented  in  the  following  table: 
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Table  A —An  Analysis  of  ICC  Primary  Accounts 


1  ccounl 

Description 

/'.  in  ill  of 

Total 

Ratio   1  .;'"< 
in  \l,i 

212 

Tic*                                                

IS 
10 

13 
5 

57 

0.645 

21  1 

0.604 

216 

o.  162 

218 

0.800 

220 

100 

*Labor  charges  corresponding  to  installation  of  materials  represented  by  Accounts  212  through  218 
are  found  in  Account  220.    These  labor  expenses  represent  32  percent  of  the  total  charges  in  Account  220 

With  respect  to  item  (b)  above,  Appendix  A  of  this  report  presents  a  derivation 
of  a  mathematical  expression  of  the  rate  of  rail  deterioration  summarized  in  the  progress 
report  presented  in  the  Proceedings,  Vol.  59,  page  392. 

It  is  important  to  note  here  that  the  economic  life  can  be  different  from  the  physical 
life  of  a  track  component.  Physical  life  may  be  determined  by  failure,  obsolescence  or 
inadequacy  to  perform  a  service.  Economic  life,  on  the  other  hand,  is  determined  by 
the  compelling  factors  of  costs  and  economic  necessity.  For  an  operating  organization 
to  continue  indefinitely  in  the  same  business,  an  investment,  such  as  that  in  a  track 
component,  needs  to  be  recovered  over  the  life  of  the  component,  with  compensation 
for  the  risk  taken,  so  that  the  component  may  be  replaced  at  the  end  of  its-  life.  Com- 
ponent life  in  this  case  is  considered  to  be  economic  life.  That  is,  the  component  is 
replaced  at  a  given  location  upon  indication  by  a  careful  economic  anlysis.  Such  analysis 
serves  as  a  quantitative  basis  for  exercise  of  managerial  discretion. 

Applying  the  results  of  Appendix  A  to  the  data  discussed  in  the  progress  report  in 
Proceedings  Vol.  59,  the  effect  of  curvature  upon  rail  deterioration  may  be  summarized 
in  the  following  table  for  track  with  gradients  between  -f-  0.4  percent  and  —  0.4  percent. 

Table  B — Effect  of  Curvature  Upon   Rail  Deterioration 


Curoature 
From :       To : 

Half  of  Railhead  Wear 

Relaliii  In   [War  on 

Tannent  Track 

{Percent) 

Tangent 
0°01'        0°59' 

1°00'         1°50' 

2°00'         2°59' 

100 
1 55 
230 
308 

3°00'        3°59' 

372 

4°00'        4°59' 

5°00'         5°59' 

133 

458 

0°00'        6°59' 

I7!l 

7°00'        7°59' 

185 

8°00'        8°59' 

185 

Note — These  results  are  applicable  only  within  the  limits  of  track  curvature  and  gradient  as  indicated. 
The  above  percentage  values  are  weighted  averages  of  individual  measurements  within  ranges  of  curvature 
as  designated. 


Examination   of   the   data   in   Table   B   will  indicate   that   the   physical   deterioration 
of  rail  as  affected  by  curvature  increases  rapidly  up  to  4  deg,  after  which  the  increase 


Economics    of    Railway    Location    and    Operation  2QQ 

in  cost  levels  off  gradually  until  it  becomes  relatively  constant  on  curves  up  to  °  deg. 
It  can  be  expected  that  curved  track  on  steeper  gradients  will  produce  rail  deterioration 
in  excess  of  that  indicated  in  the  table. 

Table  B  is  different  from  the  tabic  appearing  in  the  AREA  Manual,  Art.  3,  pace 
16-1-13,  of  Operating  Data  Required  for  a  Study  of  the  Economic  Justification  of  Lint 
and  Grade  Revisions.  The  table  in  the  Manual  is  based  upon  a  mixture  of  factors,  such 
as  wearing  out  of  rail,  flaws  and  failures  in  rail,  economics,  experienced  judgment,  etc. 

In  using  Table  B  to  determine  economic  life,  the  practical  realities  of  actual  track 
maintenance  practices  must  be  recognized.  For  those  railroads  which  organize  relatively 
large  work  forces  to  replace  rail  and  which  have  considerable  mileage  of  secondary  and 
branch-line  track,  it  is  compelling  economy  to  remove  and  replace  less  worn  rail  in 
tangent  track  along  with  curve-worn  rail  in  rational  lot  sizes.  The  advantages  are  eco- 
nomical utilization  of  work  forces  with  a  practical  minimum  of  delay  time  and  set-up 
time,  and  the  provision  of  good-quality  used  rail  for  secondary  and  branch-line  use. 

In  sumnury,  estimates  of  the  effect  of  curvature  upon  the  cost  of  maintenance, 

(a)  of  rail  can  be  made  from  the  information  contained  in  Table  B,  above; 

(b)  of  other   track   materials,   associated  with   rail,  can   be  assumed   to   be  about 
equal,  percentage  wise,  to  rail  costs ; 

(c)  with  respect  to  labor  can  be  made  from  the  labor-to-material  ratios  presented 
in  Table  A ; 

(d)  of  all  other  track  components  can  be  considered  to  be  not  significant. 

In  the  consideration  of  alternatives  in  track  alinement  which  involve  changes  in 
degree  but  not  changes  in  central  angle,  correction  factors  should  be  applied  to  the 
computed  changes  in  maintenance  expense  to  account  for  the  manner  in  which  the  lengths 
of  the  curve  will  be  affected. 

This  report  is  submitted  as  information  with  the  recommendation  the  subject  be 
discontinued. 

APPENDIX  A 

Derivation  of  the  Rate  of  Rail  Deterioration 

The  following  provides  a  basis  for  a  simple  evaluation  of  the  rate  of  railhead  wear 
with   the  amount   of   traffic   tonnage. 


Kxmx^-Ba   (1) 


where 


Y  =  rail  wear,  thousandths  of  an  inch 
A',  =  traffic   volume,   million   gross   tons 
A".  =  annual  traffic  rate,  million  gross  tons  per  year 
A',  Bi,  Ba  =r  constants  of  the  equation 

In  linearize,  take  logarithms  of  both  sides  of  equation  (1)  — 

log  F  =  log  K+  B,  log  .V,  —  Bi  log  A',,  or 

y  —  a  -f-  l>,  .v,  —  />..  xt  (2) 

where  y  =  log   V\  a      log  A:   u       log   Ki;  i  ojj    V  . 

Change  the  origin  oi  measurements  "f  .v,  and  >  to  the  mean  and  standardize  meas 
urements  bj  subtracting  each  from  the  mean  and  dividing  l>\  their  standard  deviation. 
Equation  (2)  is  altered  by  this  procedure  t..  yield, 
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v'  =  by  .  Xi         bs    .  x's      (J) 

Traffic  volume  is  related  to  the  annual  traffic  rate,  xi  =/(%'),  and  both  xj  and  x\  arc 
related  to  the  time  the  rail  is  in  track. 

Accordingly,  a  total  derivative  may  be  determined  as  follows: 

dy'  __.    h'        dy'   .  dx'-i 

dx\        5x\  ~*    5X'2      dx\ 

Applying  equation  (4)  to  equation  (3), 

dy' 
-j^r=  b\  +  b\  .  (fa)    (5) 

Since  b  i  = : a and  b  a  = ; 2 ■ v o; 

1  —  ru  1  —  ri-r 

equation   (5)   may  be  simplified  to — 

,  ,  =  r^i  (Correlation  coefficient  of  railwear  on  traffic  tonnage)    (7) 

Thus,  the  rate  of  change  of  railwear  with  traffic  volume,  on  a  logarithmic  scale,  can 
be  expressed  as  a  single  number,  r,,i.  Values  of  r,,i,  for  different  rail  sections,  for  various 
amounts  of  gradient,  for  single  and  multiple  track  territory,  as  well  as  rail  on  high  and 
low  sides  of  curves  can  be  combined  equitably  to  determine  overall  rates  of  rail  deteriora- 
tion for  each  degree  of  track  alinement  from  tangent  to  9  deg.  The  dimensionless  proper- 
ties of  the  correlation  coefficient  permit  these  combinations  taking  into  account  a  weight- 
ing of  each  correlation  coefficient  by  its  invariance. 

Keeping  in  mind  the  logarithmic  nature  of  these  rates  of  railwear,  percentage  changes 
in  rail  deterioration  as  curvature  increases  may  be  determined. 
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Potential   Applications   of   Electronic   Computers   to   Railway 

Engineering  and  Maintenance  Problems  in  Research, 

Design,  Inventory,  Etc. 

Collaborating  with  Committees  11  and  30,  and  Informally  with  the  Railway 
Systems   and   Procedures   Association 

Ferdinand  Wascoe  (chairman,  subcommittee),  L.  P.  Diamond,  W.  J.  Dixon,  C.  A.  James, 
R.  J.  Lane,  T.  J.  Lamphier,  H.  A.  Lind,  Geo.  Rugge,  G.  S.  Sowers,  T.  D.  Wofford. 

Of  the  questionnaires  sent  to  70  railroad  engineering  departments,  68  have  been 
returned.  A  summary  of  the  results  of  these  returns  will  be  prepared  for  inclusion  in  a 
subsequent  report  indicating  the  present  or  proposed  use  of  computers  and  listing  the 
types  of  engineering  problems  which  can  be  programmed  for  computers.  In  addition, 
the  report  will  include  at  least  one  paper  describing  in  detail  a  specific  computer  program 
for  illustrative  purposes. 

On  the  basis  of  returns  to  questionnaires,  roads  which  indicated  they  are  presently 
using  or  anticipate  using  computers  will  be  contacted  and  asked  for  a  brief  description 
of  programs  which  they  have  developed.  These  descriptions  periodically  will  be  submitted 
for  publication  in  the  Bulletin  as  received  and  should  serve  as  an  index  reference  of 
railroad  engineering  problems  already  programmed  for  computers. 
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In  addition,  use  of  a  computer  method  for  simulating  train  operations  to  determine 
optimum  track  layout  for  single-track  centralized  traffic  control  and  digital  terrain  model 
for  computer  utilization  in  railroad  construction  arc  under  studj 
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Features  of  Economic  and  Engineering  Interest  in  the   Study, 

Design,  Construction  and  Operation  of  New  Railway  Line 

Projects,  Proposed,  in  Progress,  or  Recently  Completed 

T.  D.  Wofford  (chairman,  subcommittee),  C.  H.  Blackman,  J.  L.  Charles,  A.  J.  Gellman, 
R.  A.  Gleason,  F.  E.  Gunning,  L.  W.  Havdon,  H.  C.  Hutson,  J.  E.  Inman,  H.  A. 
Lind,  A.  E.  MacMillan,  J.  C.  Martin,  J.  P.  Maynard,  R.  B.  Midkiff,  M.  H.  Miller, 
R.  E.  Nichols,  F.  N.  Nye,  F.  L.  Rees,  E.  L.  Russell,  G.  S.  Sowers. 

Your  committee  submits  the  following  progress  reports,  as  information,  on  the 
Missouri  Pacific  Railroad  Pea  Ridge  Line  in  Missouri  and  the  Canadian  National  Railway 
Beattvville-Chibougamau  Beach  Line. 


The  Pea  Ridge  Railroad  Location 
By  George  S.  Sowers1 

Introduction 

Pea  Ridge,  roughly  60  miles  southwest  of  St.  Louis,  lies  4  miles  south  of  the 
Meramec  River  in  the  northwest  corner  of  Washington  County,  Mo.  Situated  in  the 
Clark  National  Forest  it  is,  with  the  exception  of  the  valleys,  as  densely  wooded  and 
remote  today  as  it  was  in  1773  when  Francois  Azar,  nicknamed  "Breton",  scoured  the 
hills  for  the  lustrous  galena.  Most  of  the  valleys  have  been  cleared,  and  the  hardy 
settlers  have  been  able  to  live  and  satisfy  their  wants  with  agrarian  pursuits.  The  pres- 
ence of  galena,  barite  and  timber  have  also  helped  supplement   their  incomes. 

Although  this  Ozark  region  has  long  been  known  to  have  large  quantities  of  min- 
erals, it  was  not  until  the  discovery  of  an  estimated  50,000,000-ton  deposit  of  iron  ore 
at  Pea  Ridge  that  any  extensive  development  materialized.  As  the  $30,000,000  mine 
development  project  takes  shape,  Missourians  are  looking  forward  to  an  exploitation  in 
this  area  that  could  make  it  one  of  the  largest   mining  and  milling  centers  in  the  world. 

The  Pea  Ridge   Branch  Main  Track 

In  the  spring  of   1°57  the  Missouri  Pacific  Railroad  was  requested  to  determine  if  a 
railroad  could  feasibly  and  economically  be  built  to  serve  the  proposed  iron  me  develop 
ment.  known  as  Pea  Ridge,  sonic  25  miles  from  the  road's  mi  in  track. 

Studies  were  commenced  using,  initially,  Geological  Survey  quadrangle  sheets  to 
determine  if  the  area  in  question  could  be  reached  with  a  railroad.  Since  the  mine  is 
situated  in  perhaps  the  roughest  terrain  existing  in  Missouri,  with  an  elevation  differen- 
tial of  some  500  feet  between  the  valleys  and  the  ridges,  the  office  location  selected  was 
fundamentally  a  water  route;  that  is,  the  proposed  line  would  follow  the  drainage  pat- 
terns available  to   reach   the   mine  site. 


nt   construction   engineer,   Missouri    Pacifii    Railroad,   St.    Louis,    Mo 
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Design  Criteria 

The  Missouri  Pacific  was  advised  by  the  mining  company  that  the  loadings  would 
be  comprised  of  iron  pellets,  consisting  of  a  mixture  of  iron,  bentonite  and  coke,  and 
weighing  approximately  US  lb  per  cu  ft.  The  anticipated  daily  movement  would  amount 
to  6500  tons  on  a  6-day  week  basis.  On  the  basis  of  this  information  it  was  then  cal- 
culated that  the  move  could  be  accomplished  with  two  trains  per  day,  provided  that  a 
ruling  gradient  of  1.50  percent  could  be  obtained.  Design  criteria  on  the  proposed  branch 
line  track  were  then  based  primarily  on  the  necessity  of  obtaining  a  ruling  gradient  of 
1.50  percent  compensated,  in  the  loaded  or  outbound  direction.  For  the  empty  or  inbound 
movement  the  ruling  grade  was  2.00  percent  uncompensated.  Curvature  was  limited  to 
not  exceed  6  deg,  superelevated  for  a  maximum  speed  of  35  mph. 

The  Reconnaissance   Survey 

Prior  to  the  reconnaissance  survey,  aerial  photograph  enlargements  of  the  area  were 
obtained  from  the  Commodity  Stabilization  Service  in  Washington,  D.  C,  to  a  scale 
of  1  in  =400  ft.  The  office  location  was  then  plotted  on  the  enlargements  and  revised 
to  the  extent  required  by  the  indications  of  houses,  highways  and  other  improvements 
that  had  to  be  avoided  for  economical  location. 

Armed  with  the  comparitive  elevations  from  the  quadrangle  sheets  and  the  physi- 
ographical  situation  from  the  enlargements,  the  reconnaissance  survey  was  made.  As  stated 
before,  the  terrain  generally  is  very  rough,  and  the  proposed  line  ran  through  some 
densely  wooded  areas,  but  with  our  prior  information  the  25-mile  survey  was  accom- 
plished in  three  days. 

The  survey  indicated  that  the  project  was  feasible  and  that  the  design  criteria  could 
be  met.  Authority  was  then  given  to  proceed  with  the  location  of  the  25-mile  branch 
track  and  an  attendant  yard  layout  at  the  mine  site. 

The  Aerial  Survey 

The  personnel  situation  in  the  summer  of  1957  was  such  that  the  railroad  was  unable 
to  put  into  the  field  a  party  of  sufficient  size  to  accomplish  the  location  survey  within 
a  reasonable  length  of  time.  This  fact,  coupled  with  the  desire  to  have  the  new  line  com- 
pleted by  the  end  of  1960,  made  the  idea  of  using  a  photogrammetric  survey  attractive. 
Quotations  were  secured  from  several  aerial  survey  firms  on  the  basis  of  furnishing 
1  in  =  100  ft  contour  maps  on  hard  copy  paper  with  a  contour  interval  of  2  ft. 

A  St.  Louis  firm  submitted  the  most  favorable  propositions  for  doing  the  aerial  pho- 
tography;  running  basic  ground  control;  plotting  topographic  maps  showing  all  cultural 
features  such  as  buildings,  fences  and  any  indications  of  property  lines  identifiable  on 
the  photographs,  roads,  trails,  drainage,  ponds,  lakes,  ledge  outcroppings,  timber  and 
large  individual  trees,  all  on  a  1  in  =  100  ft  scale  and  contours  at  2-ft  intervals.  The 
width  mapped  averaged  1200  ft,  being  dependent  upon  our  needs  concerning  alinement 
and  positioning  possibilities.  Accuracy  was  in  accordance  with  the  specifications  of  the 
National  Map  Accuracy  Standard,  that  is,  90  percent  of  the  contours  within  V2  interval 
and  10  percent  in  error  by  not  more  than  one  interval.  The  only  exception  to  this  was 
in  the  heavily  timbered  areas  where  some  deviation  was  allowed  and  the  contour  interval 
increased  to  4  ft. 

Ordinarily  it  is  estimated  that  a  route  location  from  reconnaissance  to  plan  will 
require  one  week  per  mile  for  completion.  This  rule-of-thumb  estimate  precludes  any 
adverse  climatic  conditions,  and  any  realistic  forecast  should  allow  for  at  least  one  day 
per  week  in  lost  time.  Accordingly,  for  a  seven-man  field  party  the  per-mile  expense 
for  the  route  location  was  estimated  at  $1100  and  the  time  required  as  32  weeks.  The 
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aerial  survey  firm's  proposal  was  for  $815  per  mile,  and  the  survey  was  commenced  in 
July  1957  and  completed  in  November,  some  21  weeks  later.  The  total  savings  amounted 
to  $18,100. 

We  furnished  the  aerial  survey  firm  the  enlargements  upon  which  we  had  plotted 
the  reconnaissance  location.  These  served  as  flight  maps  and  orientation  guides.  The  firm 
then  delivered  the  plotted  hard  copy  rolls  to  us  on  a  production-line  basis  as  soon  as 
they  were  completed  so  that  we  were  actually  doing  some  of  the  field  location  before 
all  of  the  line  had  been  aerially  surveyed. 

The  Office  Location 

Using  overlays,  transparent  sheets  of  tissue,  various  routes  or  locations  were  projected 
and  investigated  and  preliminary  profiles  read  directly  from  the  contour  maps.  In  this 
manner  we  were  able  to  estimate  the  yardages,  with  a  few  sample  cross  sections  also 
taken  from  the  contours,  and  effect  the  yardage  balances.  For  the  most  part,  the  final 
alinement  had  been  fully  agreed  upon  before  a  stake  was  driven  or  a  property  owner 
aware  of  our  activity.  When  it  became  apparent  that  the  final  location  of  the  line  had 
progressed  as  far  as  our  office  information  would  allow  us  to  go,  transloid  reproductions 
of  the  hard  copy  sheets  were  obtained  and  reproducible  tracings  made.  Transloid  repro- 
duction is  a  photographic  process  in  which  the  hard  copy  sheet  is  photographed  and  the 
reproducible  tracing  produced  through  a  contact  process.  The  process  is  capable  of 
handling  sheets  up  to  8  ft  in  length  and  the  resultant  scale  accuracy  is  well  within  re- 
quired map  tolerances.  The  office  alinement  was  then  plotted  on  the  tracings  and  an 
accompanying  office  profile  made. 

Besides  furnishing  the  hard  copy  contour  maps,  the  survey  firm  also  furnished  the 
individual  photographs  from  which  the  plans  were  made.  (It  is  not  intended  here  to 
indulge  in  any  treatise  on  the  intricacies  of  aerial  photogrammetry  but,  rather,  to  indicate 
the  modus  operandi  of  our  location  survey ;  suffice  it  to  say  that  the  plan  was  developed 
from  glass  negatives  of  the  aerial  photographs  and  the  plotting  accomplished  with  a 
S10,000  Kohler  Plotter.)  The  individual  photographs  are  9  in  square  and  are  on  a  scale 
of  1  in  =  400  ft,  covering  almost  300  acres.  The  coverage  was  relatively  free  of  aberra- 
tion and  distortion,  which  enabled  us  to  compose  several  mosaics  of  doubtful  and  difficult 
areas.  The  clarity  of  the  photographs  was  such  that  points  of  reference  on  the  contour 
maps  could  be  readily  identified  on  the  photographs  and  we  were  able  to  plot  the  pro- 
posed alinement  directly  on  them. 

The  Field  Location 

In  November  1957  a  location  survey  party  was  organized,  consisting  of  one  resident 
engineer,  two  assistant  engineers,  eight  instrumentmen  and  four  laborers.  This  organ- 
ization was  divided  into  one  six-man  transit  party,  one  five  man  property  and  land-line 
party   and   one   four-man  level  and  situation-survey  party. 

In  addition  to  the  contour  maps  and  photographs,  the  survey  firm  also  furnished 
duplicates  of  the  ground  control  data  that  it  had  assembled.  This  consisted  of  both 
horizontal  and  vertical  control  points  and  proved  to  be  an  invaluable  aid  in  maintaining 
our  survey  network.-.  With  the  aerial  photographs  in  one  hand  and  the  office  location 
in  the  other,  and  the  ground  control  data  also,  the  field  engineer  actually  found  himself 
in  the  position  ol  almost  having  too  much  information.  It  i-  estimated  that  the  aid  ol 
this  prioi  information  reduced  the  length  of  time  thai  would  have  been  required  for  the 
survey  under  ordinary  circumstances  almost  SO  percent.  The  entire  length  of  the  line 
was  depicted  on  a  total  of  seventeen  i  in  =100  ft  sheet!  averaging  1  it  in  length,  and 
on  120  aei  ial  photographs, 
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For  the  most  part  the  entire  location  was  essentially  completed  in  the  office. 
in  office  projection  had  been  agreed  upon,  usually  in  one  mile  lengths,  the  location 
of  the  desired  transit  points  was  delivered  to  the  field  party  and  the  segment  staked. 
Actual  profiles  were  then  made  and  the  results  checked  against  the  office  profiles  to  ascer- 
tain any  marked  deviation.  In  the  entire  length  of  the  line,  once  an  office  projection  had 
been  finalized,  the  only  field  revisions  involved  horizontal  shifts  of  less  than  100  ft. 
Maximum  contour  error  encountered  was  10  ft  in  the  densely  wooded  areas  and  1  ft 
in  the  open  areas.  As  soon  as  the  segments  had  been  located  and  profiled,  core  drillings 
at  even  cut  station  were  obtained  and  the  log  of  the  borings  plotted  on  the  profiles 
In  this  connection  there  were  several  major  revisions  of  the  office  projection  made  in 
order  to  effect  a  more  economical  yardage  balance  localise  of  the  amount  of  rock 
encountered. 

Estimates  I  the  construction  costs  and  a  brie!  description  oi  the  physical  character- 
istics of  the  line  are  outlined  in   Appendix    \ 

Progress   of   Field  Location  and   Construction 

The  location  of  the  first  section,  about  13  miles  in  length,  was  completed  in  May 
1951  ind  invitations  to  bid  on  the  grading  were  sent  out  in  October.  The  second  section 
location,  about  14  miles,  was  completed  in  January  1959.  and  invitations  to  bid  en  the 
grading  were  sent  out  in  March.  From  the  day  that  the  first  stake  entered  the  ground 
until  the  last  transit  point  at  the  mine  site  had  been  set.  some  15  months  had  elapsed 
and.  with  the  aerial  assist,  over  28  miles  of  railroad  had  been  located. 

The  first  section  was  the  more  difficult  section  so  far  as  grading  quantities  and  num- 
ber of  bridges  involved  were  concerned.  The  narrowness  of  the  valleys  and  the  meander- 
ing nature  of  the  streams  involved  several  streams  crossings,  all  of  which  were  accom- 
plished by  reinforced  concrete  bridges.  Ruling  grade  on  the  railroad  also  occurs  in  the 
first  section  at  the  highest  point  on  the  line  where  the  railroad  crosses  Missouri  High- 
way So.  21.  Ground  elevation  at  this  crossing  was  1072  mean  sea  level,  and  in  order  to 
keep  grading  quantities  at  a  minimum,  it  was  decided  that  the  most  economical  and 
safest  solution  to  the  crossing  problem  was  to  separate  grades.  Plans  for  the  separation 
structure  were  prepared  under  the  supervision  of  the  Missouri  State  Highway  Commis- 
sion, and  the  contractor  constructed  the  steel  and  concrete  bridge.  Under  the  terms  of 
the  agreement  with  the  Highway  Commission,  it  will  maintain  the  structure. 

A"  this  time  all  of  the  grading  has  been  completed.  All  trackwork  is  being  handled 
with  company  forces;  rail  laying  commenced  in  April  and  the  rail  head  reached  the 
mine  site  in  July.  The  track  forces  at  present  are  surfacing  the  track;  this  operation 
should  be  completed  in  December  1960.  which  will  mark  the  third  anniversary  of  the 
first  project  of  such  magnitude  undertaken  in  the  State  of  Missouri  in  over  25   years. 

APPENDIX  A 

Construction  Cost  Estimates 

Right  of  way   $    334.600 

Grading    1.087,100 

Bridges  and  culverts    SQ3,800 

Trackwork    1.135.500 

All  other  and  contingencies   567.600 

Total  cosl  of  new   construction   S4.018.600 
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Physk  u.  Ch 

Main  track   -  ■  '  mile- 
Yard  and  side  tracks ;  '-  mile- 
re  of  curve  

Maximum  Grade:   Inbound    

Outbound    


Construction  of  Beattyville,  Chibougamau   Branch  Line 
By   J.   C.   Martin 

History 

The  area  of  Chibougamau  is  located  about  325  miles  due  north  of  Montreal    The 
name  Chibougamau.  like  most  Indian  word-,  has  two  meanings — one,  ''Meeting  }' 
i.e..    where   tribe   meets   tribe,   and   the   second,    from    th  .  -  ais.     The    WV 

Blocked",  i.e.,  a  very  small  narrows — both  being  very  applicable  to  the  area. 

It  has  long  been  known  as  a  country  rich  in  minerals,  mainly  copper  and  gold.  In 
ne  directo  -ical  Survey  sent  Jame-  Richardson,  if  I    into  the  I 

and   his   report  marks   the   first   mention   of   mineral   wealth   in    Chibougamau.   Ir 
Joseph  Obolski.  a  Quebec  inspector  of  mines,  journeyed  to  the  area  by  canoe  from  St. 
Felicien,  which  took  nearly  a  month ;  provisions  had  to  be  packed  in  by  Indian  § 

S3  portages.  However,  because  of  inaccessibility,  it  has  not  developed  very  rapidly. 

For  many  years  the  only  means  of  ace-:  vinter  road  off  the  transcontinental 

railway;  later,  planes  based  at  Senneterre  and  St.  Felicien  supplied  quick  transportation 
into  the  area. 

During  the  1940's.  the  Quebec  Government,  under  the  Department  ol  pent 

about  -S4.000,000  building  a  1  rO-mile  highway  from  St.  Felicien  into  this  area.  This  per- 
mitted heavy  mining  equipment  to  be  hauled  in  to  the  area  even  though  the  road  wa= 
only  gravel  land  and  somewhat  rough  and  winding. 

r  Mowing  this  construction  through  quite  rough  country,  several  mines  were  devel- 
oped, the  main  ones  being  Opemiska  Copper  and  Campbell-Chihougamau.  Construction 
of  the**-  mine-   went  ahead  on   the  as-umption   that   tlv  lid   be  hauled   out   bj 

truck  on  thi-  mining  road  to  rail  h  Felicien. 

Railway   Activities 

be  Canadian  National  Railways  set  up  a  project  engineering  depart- 
ment to  look  into  the  matter  of  constructing  a  line  into  the  Chibougamau  area     I 
locations  were  planned — the  first,  an  extension  of  the  line  built  from  Barraute  to  Beatty- 
ville off  the  transcontinental  line  during  the  later  1940's;   the  second,  an  off-hoot  from 
Si    Felicien  in  the  Lake  St    John  area. 

nment  topographic  maps  to  a  scale  of  1  in  =  1   mile,  giving  contours  ai 
intervals,  were  obtained  over  the  whole  area.  The  study  of  these  maps,  as  well  a=  any 
other  mining  and   topographic   map  that  could  be  obtained,  indicated   that  a   line   was 
feasible  with  grades  not  too  excessive. 

It  was.  therefore,  decided  to  place  a  location  party  in  the  field  to  run  a  preliminary 
location  to  prove  out  this  preliminary  finding. 

J  Terminal   design   engineer     Canadian   VatKinal   Railwa\ 
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Preliminary  Location 

Aerial  photographs  were  obtained  from  the  Government  at  Ottawa  over  the  area 
studied  on  the  1  in  =  1  mile  topographic  map.  Using  these  and  the  topographic  map. 
a  series  of  straight-line  bearings  was  determined  which  would  give  a  fairly  close  approxi- 
mation to  a  railway  location  through  this  country. 

A  location  party  consisting  of  a  locating  engineer,  instrumentman,  transitman,  level- 
man,  topographer,  two  rodmen,  three  chainmen,  four  axemen,  three  packers  and  one 
cook,  was  set  up  and  assembled  at  Beattyville  about  the  first  of  June  1953.  The  parts- 
was  outfitted  with  the  usual  tents,  sleeping  bags  and  blankets,  cook  stove,  as  well  as  a 
couple  of  canoes  for  use  when  navigable  water  was  reached,  along  with  a  two-week 
supply  of  food. 

For  the  most  part,  the  location  was  through  bush  country,  with  transportation  by 
walking,  other  than  the  occasional  river  and  lake  on  which  the  two  canoes  were  used. 
Other  than  at  the  easterly  half  oi  the  location,  few  continuous  chains  of  rivers  and 
lakes  were  encountered. 

Because  of  this  transportation  lack,  it  was  necessary  to  supply  the  party  with  food 
and  supplies  by  plane.  Packers  were  employed  to  move  camp  during  the  day  while  the 
party  was  in  the  field;  in  this  way  no  lost  time  was  encountered  in  the  actual  location 
work.  The  party  started  out  in  the  morning  and  worked  ahead  the  full  day.  At  quitting 
time  at  night  they  continued  walking  ahead  until  the  new  camp  site  was  reached. 

Only  about  the  last  25  miles  of  the  location  was  in  a  territory  accessible  by  road. 
This  was  the  road  from  the  town  of  Chibougamau  in  to  the  mining  area  of  Opemiska 
Copper. 

With  the  party  being  placed  in  the  field  immediately  after  the  frost  break-up  around 
the  first  of  June,  the  entire  location  of  about  155  miles  was  covered  before  freeze-up,  or 
about  the  end  of  October,  averaging  about  a  mile  a  day  through  bush  country,  with 
every  line  having  to  be  cut  through  the  bush.  The  cost  of  this  survey  was  about  $32,000. 
During  the  survey,  a  profile  of  the  line  was  made,  as  well  as  topographic  contours  at  5-ft 
intervals.  Such  information  as  types  of  material  expected  to  be  encountered  in  grading, 
types  and  sizes  of  trees,  sizes  of  all  rivers,  streams,  etc.,  was  also  noted. 

Periodically,  completed  sections  were  sent  to  the  office  in  Montreal  for  study  pur- 
poses in  preparing  a  report  to  management. 

Preparation  of  the  Report 

Using  the  topographic  information  received  from  the  field,  a  proposed  line  was 
projected  and  a  profile  plotted  from  the  contours.  The  results  bore  out  the  original  study 
of  the  1   in  =  1   mile  maps  which  indicated  that  the  line  was  feasible. 

Quantities  were  stripped  from  the  projected  profiles  and  estimates  made  of  the  cost 
to  construct  bridges  and  trestles  over  all  the  water  courses.  In  addition,  all  such  items 
as  telegraph  lines,  stations,  clearing,  grubbing,  culverts,  and  trackwork  were  estimated 
to  arrive  al  a  total  tentative  cost  of  the  line. 

The  report  to  management  gave  a  complete  picture  of  the  construction  of  the  line 
and  what  could  be  expected  in  the  way  of  returns.  The  line  from  Chibougamau  to 
Beattyville,  155  miles  in  length,  was  estimated  to  cost  18  million  dollars.  It  would  In- 
built to  Canadian  National  branch  line  standard  with  a  maximum  grade  of  1.25  percent. 
The  track  would  consist  of  85-lb  branch-line  relay  steel  on  tie  plate-  and  treated  hard 
wood  ties. 

The  grading  For  the  railway  line  was  not  anticipated  to  l>c  too  difficult,  and  it  was 
ted   th.it    it   could   be  done   with  a   reasonable  amount   of  excavation  and  filling,  the 
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country  being  generally  boulder  clay  ridges,  with  fertile  valleys  and  rock  outcrop.  The 
first  11  miles  from  Beattyville  to  Bell  River  was  to  a  large  extent  already  taken  up  in 
settlement  and  farming. 

The  curvature  was  expected  to  be  light,  not  over  4  deg,  with  the  maximum  grade 
of  1.25  percent  only  in  some  places.  Eleven  miles  from  Beattyville  the  line  would  cross 
the  Bell  River,  necessitating  a  multiple-truss  type  of  bridge  approximately  425  ft  in 
overall  length.  This  would  be  the  only  bridge  of  considerable  length  throughout  the  line. 
In  addition  to  the  Bell  River  crossing,  there  would  be  six  bridges,  generally  50-  to  90-ft 
girder  spans,  and  some  1500  ft  of  wooden  trestles.  Ballast  would  consist  of  pit  run  gravel, 
and  indications  were  that  ballast  pits  of  gravel  could  be  found  along  the  proposed 
alinement. 

Traffic  Potential 

The  whole  of  the  territory  from  Beattyville  is  favorable  piospecting  ground.  Numer- 
ous discoverie;  and  further  exploration  were  made,  and  despite  the  lack  of  rail  transport, 
one  mine,  Opemiska  Copper,  was  by  this  time  in  production.  Another,  Campbell-Chi- 
bougmsu,  was  in  the  stage  of  mining  development  and  mill  construction  and  planned 
to  get  into  production  in  1056. 

Total  indicated  reserves  of  ore  from  the  work  done  on  all  the  prospects  were 
9,312,000  tons.  In  addition,  the  area  in  the  vicinity  of  Bachelor  Lake,  about  at  mile  70, 
had  also  been  the  subject  of  considerable  mining  activity.  However,  because  of  lack  of 
transportation,   no   development   work   was  started. 

The  forest  resources  in  the  area  between  Beattyville  and  Chibougamau  are  very 
large,  totalling  some  30,200,000  cords  of  pulpwood  capable  of  a  sustained  annual  yield 
of  671,000  cords.  Most  of  this  forest  wealth  can  only  be  tapped  by  railway  because  the 
drainage  is  towards  Hudson  Bay,  which  precludes  stream  driving  to  market. 

The  bulk  of  the  prospective  traffic  on  the  line  would  consist  of  mining  concentrate 
moving  to  the  Noranda  smelter,  as  well  as  pulpwood  and  lumber.  Two  mining  com- 
panies, Opemiska  Copper  and  Campbell-Chibougamau,  expressed  willingness  to  guarantee 
concentrate  traffic  in  the  amount  of  325  tons  per  day,  with  expectations  that  a  volume  as 
high  as  450  tons  per  day  might  be  reached.  The  Howard-Smith  interests  anticipated  that 
they  would  be  in  a  position  to  guarantee  the  movement  of  a  minimum  of  30,000  tons  of 
pulpwood  per  year. 

Economics 

Using  all  of  the  above  information,  a  statement  was  prepared  showing  the  economics 
of  the  project.  This  allowed  for  a  development  period  of  five  years,  and  starting  with 
initial  traffic,  one-third  of  that  anticipated  at  the  end  of  the  five-year  period.  Credited 
to  the  line  were  the  system  earnings  on  all  the  traffic  originating  and  terminating  on  the 
line,  debiting  the  cost  of  handling  the  traffic  both  on  and  off  the  line,  and  in  addition, 
charging  interest  on  the  cost  of  construction.  The  following  is  a  summary  of  the  economic 
statement: 

Revenues  from  freight   (consisting  of  mine  products,  pulpwood,  sawn  lumber, 

general  merchandise  and  mining  supplies)    $2,262,000 

Passenger     15,000 

Express     30,000 

Total   System    Revenue    2,407,000 
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Station  expense,  service  776,000 

Off-line  expenses   (calculated   on   the   basis   of   the   net   ton   miles  cost    ol    actual 

movement)    610,000 

Contingencies   107c    139,000 

Total  operating  income   1  »53 1 .000 

Net   operating   income    876.000 

Interest    on    cost    of    construction    plus   interest    on    capitalized    losses    incurred 

during  development   period    853,000 

Annual  system1  profit   23,000 

Final  Location 

During  the   winter  of    1954  and   1955,  on  the  basis  of  the  economic  statement   pre 
sented,  management   decided  that   the  final  location  of  the  line  should   be  run.   Certain 
changes  had  to  be  made  in  the  location  to  meet  requests  For  service  in  other  mining  and 
timber  areas. 

The  final  location  was  run  during  the  summer  of  1954,  and  fully  substantiated  the 
results  of  the  preliminary   reconnaissance  survey  the  year  before. 

Construction 

Following  the  final  location,  it  was  decided  that  construction  should  proceed.  Ac- 
cordingly, contracts  were  let,  engineering  staff  was  appointed  and  assembled  at  Beattyville, 
and  construction  was  begun. 

For  the  most  part,  no  real  difficulties  were  encountered  during  the  construction. 
Considerable  stream  diversion  work  had  to  be  done  in  the  first  45  miles,  and  a  long 
muskeg  area  at  about  mile  110  was  encountered.  This  required  a  considerable  amount  of 
excavation  and  back  filling  to  achieve  a  stabilized  road  bed. 

The  line  was  completed  in  1958,  within  the  funds  allowable  under  the  A.F.E. 

Report  on  Assignment  7 

Engineering,  Maintenance  and   Operating  Benefits  to  be   Derived 
from  Increased  Joint  Use  of  Railway  Facilities 

Collaborating   with   Committees    11,    14  and  20 

J.  W.  Barriger  (chairman,  subcommittee),  I.  C.  Brewer,  B.  Chappell,  S.  B.  Gill,  J.  E. 
Inman,  T.  D.  Kern,  R.  J.  Lane,  R.  B.  Midkiff,  H.  P.  Morgan,  F.  J.  Richter,  E.  L. 
Russell,  D.  S.  Sundel.  K.  A.  Werden,  H.  L.  Woldridge. 

Your  committee  has  continued  its  exploration  of  "Joint  Facility"  possibilities  between 
railroads  as  a  means  of  eliminating  duplications  and  making  possible  a  higher  standard  of 
maintenance  through  increased  use  of  a  common  facility  by  two  or  more  companies, 
and   thereby   promoting  efficiency  and  economy   in   providing   rail  transportation  service. 

We  have  previously  directed  attention  to  the  vast  possibilities  available  t<>  the  rail- 
roads through  this  medium,  and  cited  examples  of  accomplishments  that  have  been  real- 
ized in  recent  /ears  It  is  pleasing  to  note  the  many  merger  studies  now  under  waj 
involving  major  railroad  properties  and  cspecialh  the  economic  results  which  are  inher- 
ent from  such  amalgamations.  Merger  of  rail  properties  brings  out  the  ultimate  in  aban- 
donment of  duplicate  and  obsolete  facilities  and,  therefore,  the  greatest  possible  savings; 
nevertheless,  there  remain  thousands  of  opportunities  for  coordination  on  the  basis  ol 
tenancy  or  joint  ownership. 

We  now  bring  to  your  attention  a  recently  culminated  coordination  which  involves 
joint  use  ol   i  main  track  for  a  distance  ot  approximately  one  half  mile  but  has  resulted 
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in  substantia]  economies  through  abandonment  <ii  a  long  bridge  (resile  which  otherwise 
would   have  required  replacement. 

The  instant  case  involves  two  parallel  railroads.  Fig.  1  depicts  the  coordination 
arrangement  under  terms  and  conditions  enumerated  below: 

1.  Joint  use  of  one  main  track  on  Line  B  for  a  distance  of  0.52  mile  by  two  local 
freight  trains  in  each  direction  by  Line  A. 

2.  Construction  of  new  connection  at  each  end  (2420  ft )  and  crossover  between 
main  tracks  of  Line  B. 

3.  Provision  of  remotely  controlled  interlocking  for  governing  movements  over 
the  joint  track. 

4.  Abandonment   of  Line  A   for  a   distance  of  one  mile,  including  2148-ft   bridge 
with   three    150-ft   steel   truss  spans  and   timber  approach,  as  well  as  discontinu 
ance  of  single  main  track  crossing  double  main  line  at  grade,  including  inter 
locking. 

Economic  Aspects 

1.  Avoids  rebuilding  of  bridge  on  Line  A,  involving  estimated  expenditure  in 
excess  of  one  million  dollars. 

2.  Maintenance  and  operation  of  joint  trackage  will  be  divided  between  the  two 
lines  on  a  flat  sum  basis,  determined  from  past  experience  and  traffic  volumes, 
but  is  subject  to  future  adjustment  for  changed  conditions  or  variation  in  traffic 
volume. 

3.  Tenant  (Line  A)  will  assume  the  initial  cost  of  constructing  new  connections 
and  crossover,  as  well  as  interlocking,  required  for  the  joint  operation. 

4.  The  interest  rental  to  be  paid  by  Line  A  is  at  the  rate  of  5  percent  per  annum 
on  agreed  value  of  the  joint  facilities  and  an  estimated  10  percent  use,  and  is 
also  subject  to  adjustment  for  additions,  betterments  or  retirements  that  may 
be  made  or  for  future  change  in  the  traffic  volume. 

5.  The  liability  provisions  conform  generally  to  those  of  other  joint  facility  con- 
tracts. 

This  arrangement  is  one  of  outstanding  economic  benefit  and  is  submitted  as  an 
indication  of  what  may  be  accomplished  through  the  combined  efforts  of  railroad  man- 
agements. We  respectfully  suggest  that  other  companies  may  have  similar  situations  where 
duplicate  trackage  or  other  facilities  may  be  eliminated  with  economic  benefit  to  the 
participating  carriers. 

Report  on  Assignment   10 

Methods  of  Minimizing  Cost  of  Construction  and   Maintenance 

of  Industry  Tracks  to  Improve  the  Competitive 

Position  of  Railways 

Collaborating   with   Committee    11,  and   Reviewed   by   the 
Law   Department,  AAR 

M  B.  Miller  (chairman,  subcommittee  i .  I  ('  Brewer,  P.  I.  Claffey,  F.  E.  Gunning, 
R.  L.  Gray,  H.  C.  Hutson,  J.  E.  Inman,  I  I'  Mayn  ,,.|.  R.  B.  Midkilf.  R.  K.  Nichols, 
W     E    Quinn,  C,  I.    Towle,  K.  A    Werden,  T.  \).  Kern 

Ybur  committee  submits  the  following  report  a»  information  on  some  methods  thai 
will  help  reduce  the  costs  to  industry  in  maintaining  rail  service  in  their  plants, 
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A  study  has  been  made  of,  and  this  report  will  elaborate  on,  the  following  aspects 
of  this  subject. 

1.  Definition  of  industry  tracks. 

2.  Study    of    existing   industry    track    situation,    with    comparison    of    competitive 
situation. 

3.  Out-of-pocket  costs  of  construction  of  industry  tracks  to  industry. 

4.  Out-of-pocket  costs  of  maintenance  of  industry  tracks  to  industry. 

5.  Methods  of  financing  track  construction  and  maintenance  by  industry. 

6.  Accounting  practices  and  their  effect  on  industry  track  costs. 

DEFINITION  OF  INDUSTRY  TRACKS 

Industry  or  industrial  tracks  are  those  either  privately  or  railroad  owned  which 
serve  one  or  more  industries  rather  than  the  public  as  such.  Team  tracks  are  those  where 
any  individual  or  firm  may  load  or  unload  cars  and  are  usually  railroad  owned  on  rail- 
road property.  Industry  tracks  may  vary  from  a  single  track  to  an  extensive  system  of 
tracks  serving  a  large  industry  or  government  installation.  The  shorter  tracks  may  be 
industry  or  railroad  owned,  maintained  by  the  owner.  The  larger  installations  are  almost 
invariably  industry  owned  and  maintained,  and  in  many  cases,  industry  operated. 

Usually  all  tracks  on  railroad  right-of-way  are  railroad  owned.  In  the  case  of  an 
entire  industry  track  being  located  on  railroad  property,  the  area  occupied  may  be  leased 
to  the  industry  and  track  ownerships  and  maintenance  assumed  by  the  industry. 

In  earlier  times  there  was  little  uniformity  of  practice  governing  construction  and 
use  of  industry  tracks.  A  large  number  were  built  on  the  basis  of  the  railroad  owning 
the  track  on  a  location  furnished  by  the  industry.  The  larger  installations  have  for  the 
most  part  been  built  and  maintained  by  the  industry.  Practices  governing  the  construc- 
tion and  maintenance  of  industry  tracks  still  are  not  uniform. 

EXISTING    INDUSTRY   TRACK    SITUATION,   WITH    COMPARISON 
OF  COMPETITIVE  SITUATION 

Most  sizeable  industries  want  both  rail  and  truck  facilities,  and  these  are  provided 
at  plant  locations  either  common  to  both  or  in  locations  designed  for  the  particular  car- 
rier involved.  The  older  industries  in  the  larger  cities,  on  rails,  are  finding  it  hard  to 
provide  fully  adequate  truck  platform  and  parking  space.  This  may  have  some  tendency 
to  hold  rail  traffic,  but  increasingly  a  larger  number  of  industries  are  moving  to  areas 
where  they  can  provide  fully  adequate  rail  and  truck  facilities  and  employee  parking 
room.  In  the  case  of  rail  facilities  this  usually  results  in  improved  track  alinement,  grade 
and  building  clearances.  Sometimes  it  may  result  in  availability  of  two  or  more  railroads. 

Rail  facilities  usually  cost  considerably  more  than  truck  facilities,  and  first  cost 
together  with  accessibility  may  determine  whether  industries  provide  both  facilities, 
providing  the  business  can  be  handled  equally  well  by  either  carrier. 

OUT-OF-POCKET  COST  OF   CONSTRUCTION  OF  INDUSTRY 
TRACKS  TO  INDUSTRY 

Early  contact  with  any  industry  is  very  important  in  order  to  develop  a  properly 
balanced  building  and  track  layout.  The  overall  ultimate  building  requirements  of  the 
industry  must  be  known  as  completely  as  possible.  The  building  layout,  of  course,  is 
governed  by  industrial  engineers  or  consultants  who  normally  prepare  the  most  efficient 
plant  layout  possible.  Track  layout  into  and   among   the  buildings  must  be  given   full 
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consideration  with  relation  to  the  processes  in  the  plant  in  order  that  inbound  materials 
arrive  at  their  proper  location  for  any  production  lines  and  outbound  materials  leave 
the  production  line  in  an  efficient  relationship  to  loading  and  unloading  docks. 

It  has  at  times  developed  that  the  cars  in  which  inbound  materials  arrive  can,  under 
proper  plant  layout,  be  utilized  for  outbound  loading  without  intra-plant  switching  of 
such  cars  to  other  spots. 

Early  contact  with  the  industry  in  the  development  of  plans  and  layouts  cannot  be 
charged  as  engineering  expense.  It  must  be  considered  as  part  of  the  sales  expense  which 
would  apply  against  the  railroad. 

In  industrial  development  work,  it  is  of  the  utmost  importance  that  realistic  esti- 
mates of  expense  be  prepared.  An  approximation  of  cost  is  useless.  Estimates  must  be 
complete  and  in  sufficient  detail  to  permit  clear  examination  of  the  estimate  and  possible 
performance  of  part  or  all  of  the  project  by  other  than  railroad  forces.  The  estimate 
prepared  by  a  carrier  should  be  sufficiently  accurate  to  be  considered  a  guarantee  of  the 
maximum   cost  of   the  project   under  consideration. 

It  does  not  appear  reasonable  to  endeavor  to  develop  a  uniform  standard  of  indus- 
trial track  to  be  used  by  all  railroads.  The  quality  of  track  required  to  serve  any  indus- 
try must  be  contingent  upon  the  requirements  of  that  industry  and  the  service  expected 
over  such  track.  It  would  not  be  reasonable  to  expect  to  install  the  same  quality  of  track 
in  an  industry  manufacturing  only  heavy  commodities,  such  as  transformers  or  heavy 
castings  which  will  move  on  special  heavy-duty  cars  weighing  ISO  to  250  tons  each,  as 
would  be  cons'dered  to  be  installed  in  an  industry  manufacturing  paper  bags  and  which 
is  expected  to  load  only  cars  that  would  not  exceed  60,000  to  80,000  lb.  The  quality  of 
track  must  be  determined  by  the  service  expected  from  the  track. 

Under  most  conditions,  industrial  tracks  can  satisfactorily  be  constructed  with  second- 
hand rail,  second-hand  angle  bars  and  plates,  new  track  bolts  and  spikes  and  ties.  The 
weight  and  quality  of  the  track  material  again  would  be  governed  by  the  quality  of 
track  required. 

After  careful  consideration,  it  appears  that  pricing  second-hand  material  at  a  per- 
centage of  the  current  market  value  is  more  realistic  than  endeavoring  to  establish  a 
price  of  material  based  on  the  cost  of  that  particular  material.  An  example  of  the  latter 
would  be  second-hand  rail  20  years  old  that  had  been  on  a  low  traffic  territory  and  not 
subjected  to  brine  damage  and  in  suitable  condition  for  use  in  an  industrial  track.  If 
taken  at  half  its  cost,  this  rail  would  be  valued  at  possibly  S.^5  per  ton.  Rail  5  years  old 
from  a  heavy  traffic  territory  which  had  been  subject  to  brine  damage  but  still  in  suit- 
able condition  for  use  in  an  industrial  track,  if  taken  at  the  same  percentage  of  cost 
would  possibly  represent  a  value  of  $70  per  ton.  For  the  purpose  of  this  statement 
market  prices  of  rail  in  the  above  quoted  years  are  merely  used  as  an  example. 

Both  of  the  aforementioned  examples  taken  at  a  reasonable  percentage  of  the  current 
market  value  would  represent  an  equal  expense  for  an  equally  valuable  item  to  the 
industry. 

Use  of  local  ballast  materials,  trucked  and  dumped  into  place,  should  properly  be 
considered  in  the  preparation  of  realistic  estimates.  The  important  item  of  consideration 
is  the  cost  of  the  ballasl  material  in  place.  If  it  can  be  more  economically  hand'ed  on 
rail  equipment  and  flumped  by  work  trains  than  it  can  be  handled  by  local  trucks,  then 
it  should  be  handled  by  work  trains  and  the  cost  reflected  in  the  estimate,  It  it  can  be 
more  economically  handled  by  local  truck  delivery  and  the  industrial  tr.ack  is  located 
to  properly  receive  such  delivery,  it  should  be  so  handled  and  the  difference  in  cosl 
reflected  in  the  estimate. 
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The  selection  of  the  ballast  material  must  be  contingent  upon  the  material  in  the 
subgrade,  the  service  for  which  the  track  is  to  be  used,  the  availability  of  suitable 
materials  and  the  cost  of  such  materials. 

The  supplying  of  prefabricated  track  panels,  constructed  at  a  central  point  and 
moved  in  by  truck  or  work  train,  has  been  associated  at  times  with  industry  track  work. 
Its  use  depends  on  the  desires  of  the  industry  or  its  contractor  and  the  availability  of 
the  track  fabrication  plant.  Unless  considerable  track  construction  is  being  done,  the 
feasibility  of  maintaining  this  kind  of  plant  is  questionable. 

Grading  should  be  programmed  at  minimum  cost  by  either  the  railroad  or  industry 
so  as  to  perform  work  required  on  both  properties  at  the  same  time.  This  usually  results 
in  compensating  cuts  and  fills  to  the  mutual  benefit  of  both  parties  and  eliminates  the 
time  and  expense  of  moving  in  two  sets  of  equipment. 

Consideration  should,  at  times,  be  given  to  the  possible  leveling  of  the  cost  base 
by  use  of  easements  from  industries  to  railroads  for  track  construction  at  railroad  ex- 
pense, up  to  within  a  given  distance  of  the  industry  and  in  this  manner  not  discriminate 
against  plants  not  located  adjacent  to  right-of-way.  Justification  of  railroad  expense 
could  be  made  in  agreement  form,  allowing  additional  individual  tracks  to  be  constructed 
from  the  long  lead. 

OUT-OF-POCKET  COST  OF  MAINTENANCE  OF  INDUSTRY  TRACKS 

TO  INDUSTRY 

Maintenance  cost  per  unit  of  track  will,  of  course,  vary  with  the  type  and  location 
of  the  particular  industry.  The  economies  of  yearly  maintenance  contracts  should  be 
weighed  against  job  estimates.  Job  estimates  usually  are  cheaper  for  any  particular  job; 
however,  under  a  yearly  contract  there  is  a  definite  trend  to  have  a  higher  standard  of 
maintenance.  A  higher  standard  reduces  the  number  of  major  maintenance  projects.  The 
experience  of  local  track  supervisors  should  be  made  available  to  industry  along  this 
and  other  maintenance  lines. 

Justifiable  maintenance  should  be  insisted  on  by  the  operating  railroad  so  as  to 
reduce  chances  of  derailments  and  subsequent  additional  cost  to  the  industry. 

METHODS  OF   FINANCING  TRACK  CONSTRUCTION  AND  MAINTENANCE 

BY  INDUSTRY 

There  are  numerous  standard  methods  of  financing  capital  expenditures  in  use  by 
all  industries.  In  addition,  it  is  suggested  that  uniform  standards  by  all  railroads  be  inves- 
tigated to  construct  industry  tracks  on  a  long-term  rental  basis  covering  amortization 
of  actual  cost  to  railroad,  interest  on  investment  and  accounting  and  stores  expense  with 
standard  charge  per  year  to  cover  maintenance. 

It  has  also  come  to  the  attention  of  your  committee  that  some  trackwork  contractors 
are  willing  to  handle  construction  costs  on  an  installment-plan  basis,  which  provides 
them  interest  on  investment  and  adequate  security  in  property  underlying  the  track.  In  at 
least  one  case,  a  contractor  has  a  standard  agreement  providing  advancement  of  funds 
for  the  expense  of  the  industry  in  constructing  track  on  railroad  property  and  taking 
the   standard   reimbursement   feature   to   apply   on   the  indebtedness. 

ACCOUNTING  PRACTICES  AND  THEIR  EFFECT  ON  INDUSTRY  TRACK  COSTS 

Variations  in  accounting  practices  employed  by  American  railroads  for  billing  outside 
industry    for   track   construction    and   maintenance   work,   either  performed   on   industry 
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property  or  on  railroad  property  for  the  benefit  of  industry,  result  in  a  wide  range  of 
unit  cost  levels  for  such  items  as  per  foot  cost  of  new  track,  cost  of  new  turnouts,  cost  of 
replacing  ties,  etc.,  which  must  result  in  confusion  and  resentment  in  industry  circles 
when  comparing  track  costs  among  various  railroads  or  with  contract  work.  The  hash 
precepts  for  the  preparation  of  industry  bills  are  contained  in  Circular  No.  GMA-2710-B 
of  the  General  Manager's  Association  of  Chicago,  entitled  "Rules  Covering  Preparation 
of  Joint  Facility  and  Other  Bills  Between  Carriers",  revised  September  1,  1Q54,  and  a 
similar  set  of  rules  adopted  by  the  General  Manager's  Association  of  New  York. 

However,  the  interpretation  and  application  of  these  principles  as  to  particular  usage 
for  industry  billing  varies  among  the  railroads,  and  it  is  possible  that  some  of  the  original 
basic  conditions  upon  which  these  rules  were  founded  have  changed  to  a  point  where 
wholesale  revision  is  indicated  to  meet  the  modern  competitive  traffic  situation  and  mod- 
ern  developments  in   maintenance-of-way   and   accounting  practices. 

In  order  to  examine  these  variations  and  their  effect  on  industry  track  costs,  it  is  well 
to  consider  the  various  types  of  charges,  possible  needs  for  reconsideration  of  basis  for 
billing  and  emissions  in  existing  rules  which  lead  to  cost  variations. 

Labor 

Labor — 

(1)  Direct  charge  of  labor  on  project. 

(2)  10  percent  en  direct  labor  charge,  excluding  superintendence;  for  supervision 
5  percent,  accounting  3  percent,  and  use  of  tools  2  percent.  Tools  specified  in 
this  rule  are  those  tools  and  machines  costing  less  than  $1,000  and  not  covered 
by  schedules  of  equipment  rental. 

(3)  10J/2  percent  added  to  gross  wages  to  cover  railroad  retirement  and  unem- 
ployment insurance  taxes. 

(4)  7  percent  added  to  direct  labor  charges  to  cover  paid  holidays  and  vacations. 

(5)  3T/2  percent  added  to  direct  labor  charges  to  cover  health  and  welfare  benefits. 

(6)  Charges,  without  surcharge,  are  proper  for  services  of  engineering  employees 
performing  continuous  service  for  one  or  more  days  in  office  or  field  solely 
in  connection  with  project.  Does  not  apply  to  employees  supervising  or 
inspecting  in  performance  of  their  regular  duties. 

On  a  recent  billing  example  it  was  noted  that  various  surcharges  on  labor  aggregated 
.U.47  percent  on  original  labor  charge.  With  a  charge  of  only  1  percent  set  up  on  contract 
labor  costs,  this  results,  in  man)  cases,  in  more  expensive  unit  costs  to  industry  if  rail- 
road  forces  perform  work  than  if  work  is  performed  for  the  railroad  by  a  contractor, 
.i-   is  allowed   in   most   union  contracts  for  off  right-ol'-w  ;i\    work. 

On  many  railroads  section  gangs  have  been  eliminated  or  reduced  to  a  point  where 
track  construction  projects  on  industry  property  must  be  performed  by  system  or  re- 
gional gangs.  As  these  gangs  often  are  staffed  with  machine  operators,  assistant  foremen, 
truck  drivers  and  other  specially  rated  employees,  the  average  per-hour  rate  for  labor 
will  exceed  that  of  contractors'  forces  usually,  without  the  saving  realized  from  mass 
production  involved  in  railroad  work. 

With  changes  in  railway  maintenance  patterns,  it  is  frequent!}  necessary  to  utilize 
g  Ulgs  for  construction  that  are  headquartered  some  distance  away,  with  the  result  th.it 
industry  unit  construction  costs  are  inflated  with  track  rental,  riding  time  and  possibly 
overtime,  while  contract  forces  generally  are  paid  tor  a  das'-  work  ;ii  the  point  of  work 
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The  5  percent  charge  for  supervision  is  evidently  designed  to  cover  surveying,  office 
planning  and  estimating,  layout,  time  of  engineering  and  maintenance  office  field  force 
and  their  expenses.  Direct  field  supervision  is  usually  performed  by  a  track  foreman  who 
is  included  in  the  direct  labor  charge.  This  charge  would  appear  to  be  somewhat  in- 
equitable in  manj-  cases,  as  work  by  contract  forces  requires  the  same  amount  of 
preparation  and  supervision,  and  no  charge  is  made  to  compensate  the  railroad.  Like- 
wise, as  any  maintenance  or  engineering  official  knows,  this  service  is  performed  many 
times  for  prospective  industry  tracks  that  are  never  constructed  or  are  controlled  di- 
rectly by  industry  without  any  charge  resulting.  Consideration  should  be  given  to  elimina- 
tion of  this  charge,  in  the  light  of  the  present-day  competitive  transportation  situation. 

The  3  percent  accounting  charge  should  also  be  considered  for  reduction  or  elimina- 
tion on  industry  track  construction  projects  where  machine  accounting  is  employed  or 
the  project  is  of  any  magnitude.  This  charge  is  inherent  in  the  cost  of  doing  any  business, 
and  there  seems  little  justice  in  billing  potential  customers  for  assembling  information  to 
bill  them  when  such  a  surcharge  is  not  added  to  freight  bills,  rental  collections,  etc.,  and 
no  special  accounting  force  is  added  to  handle  the  burden  of  this  billing. 

The  2  percent  use-of-tools  charge,  again,  is  probably  not  justified  on  large  projects, 
constructed  with  modern  track  maintenance  machinery,  where  machinery  rental  and 
supplies  are  billed  against  industry. 

The  constantly  increasing  railroad  retirement,  unemployment  and  health  and  welfare 
surcharges  are  certainly  a  valid  item  for  billing,  but  the  trend  of  these  costs  as  com- 
pared with  comparative  costs  by  sub-contract,  or  direct  industry  contract,  again  places 
work  by  railroad  employees  at  a  distinct  disadvantage. 

The  7  percent  surcharge  on  direct  labor  costs  for  vacations  and  paid  holidays, 
should,  in  any  major  construction  for  industry,  be  replaced  by  a  percentage  derived 
from  the  actual  costs  of  such  for  the  forces  employed  on  the  project.  It  is  possible  by 
employing  temporary  extra  gangs  for  certain  projects,  to  end  up  with  a  cost  for  holidays 
and  vacations  that  is  very  low  in  relation  to  7  percent  of  labor  cost.  Since  this  is  !n 
most  cases  not  desirable  for  the  welfare  of  the  railroad  or  its  employees,  it  seems  poor 
reasoning  to  penalize  industry  for  usage  of  regular  railroad  employees  with  high  vacation 
allowances.  In  the  present  traffic  competitive  situation  where  a  siding  is  a  device  only  to 
obtain  gross  revenue  for  the  railroad,  consideration  should  be  given  to  the  replacement 
of  this  averaged  percentage  with  the  actual  project  percentage  in  all  cases. 

Other  items  increasing  the  unit  costs  of  industrial  work  and  not  specifically  covered 
by  GMA  rules,  are  rental  and  transportation  to  and  from  the  project  of  camp  cars, 
camp  trailers  and  major  items  of  track  construction  machinery.  Often  such  charges  are 
billed  against  the  industry  track  and  create  a  cost  penalty,  in  many  cases,  where  system 
or  regional  gangs  are  employed  in  lieu  of  local  or  section  gangs,  without  an  accompany- 
ing increase  in  efficiency  due  to  the  size  of  the  project.  A  similar  situation  is  fbund,  in 
some  cases,  in  the  billing  of  camp  car  differentials  against  industry  track  construction 
costs. 

Materials 

Existing  GMA  rules  call  for  pricing  of  material  on  the  basis  of  invoice  price,  includ- 
ing foreign  line  freight  charges,  on  all  items  of  material  and  supplies,  except  treated  ties 
and  timber  and,  in  addition,  a  surcharge  of  IS  percent  to  cover  supervision,  stores  ex- 
pense, inspection,  accounting,  purchasing,  handling  and  transportation  to  point  of  use 
of  point  from  which   handled  by  work  train.  When  material   used  is  hauled   in  excess 
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of  350  miles,  a   further  charge  of   I    cent   per  net   ton   mile  for  excess  mileage  -hall  lie 
included  in  addition. 

While  there  can  be  no  exception  taken  with  charging  of  invoice  prices  lor  new 
miterial,  there  are  certain  cases  where  the  IS  percent  surcharge  is  not  warranted.  These 
include  purchase  of  material  from  outside  sources  delivered  to  the  construction  site,  ac- 
quisition of  material  from  contractors  at  site  and  large  purchases  of  such  items  as  ballast, 
where  accounting,  purchasing,  handling  and  supervisory  costs  may  be  lower  than  normal. 

There  are  apparently  varying  interpretations  of  tin  method  of  billing  for  freight 
costs  on  material  used  in  industry  tracks.  Although  GMA  rules  apparently  include  home 
line  freight  under  350  miles  in  the  15  percent  surcharge,  there  are  lines  which  charge 
full  freight  rate  on  some  materials  to  the  site.  This  i?:' especially  true  of  ballast,  where 
freight  charges  often  greatly  exceed  the  cost  of  the  ballast,  create  extreme  cases  of  cost 
variation  to  industry  in  favorable  locations,  and  make  the  use  of  inferior  local  ballast 
delivered  by  truck  a  necessity  to  keep  costs  down.  Since  formerly  used  cinder  ballast  is 
now  largely  unobtainable,  some  substitute  source  of  low-cost  ballast  should  be  obtained 
or  adjustments  made  in  the  cost  of  obtaining  and  transporting  railroad  ballast  to  allow 
construction  of  light  traffic  industry  tracks  at  realistic  unit  prices.  When  the  15  percent 
surcharge  is  applied  to  ballast  cost,  no  freight  should  be  charged,  or  if  freight  is  charged 
for  local  line  movement,  the  surcharge  should  be  drastically  reduced. 

The  greatest  variation  in  accounting  practice  is  found  in  the  pricing  of  relay  material 
and  ties  used  in  industry  tracks.  This  situation  badly  needs  policing  and  agreement  be- 
tween railroads,  on  a  basis  of  pricing  consistent  with  the  cost  of  recovery,  handling  and 
useful  life  left  in  material,  together  with  a  surcharge  covering  accounting  and  store  ex- 
penses, if  any.  Since  most  industry  tracks  are  usually  constructed  using  a  large  percentage 
of  second-hand  material,  proper  pricing  thereof  is  an  important  item  in  industry  track 
cost. 

Separate  rules  are  provided  by  GMA  for  billing  industry  for  treated  ties  and  timber. 
based  on  complete  cost  of  treated  ties  and  timber  ready  to  leave  the  treating  plant  plus 
15  percent  surcharge  to  cover  supervision,  stores  expense,  inspection  costs,  purchasing, 
accounting  and  transportation  over  home  line  to  point  of  use. 

The  basis  for  these  rules  is  on  a  realistic  cost  level  to  industry,  but  several  variations 
and  possible  COSl  -avers  may  be  noted.  The  charging  of  freight  on  treated  ties  over  the 
home  line  from  treating  plant  to  point  of  use,  if  under  350  miles,  is  not  intended,  but  is 
apparently  sometimes  done.  Possible  alternatives  to  reduce  the  unit  cost  of  industry 
tracks,  if  properly  priced,  are  the  use  of  all  or  a  portion  of  second-hand  ties  and  timber 
in  track;  use  of  condemned  or  rejected  ties  from  treating  plants  and,  in  some  instances, 
use  of  rejected  untreated  ties.  Basically,  the  charge  to  industry  for  delivered  ties  should 
never  exceed  the  out-of-pocket  cost  of  obtaining  and  handling  (where  not  billed  as  work 
train  or  labor  expense)  with  a  surcharge  consistent  with  the  COSl  involved  lor  account- 
ing, -tores  expense,  inspection  and  transportation.  Costs  For  second  hand  or  other  sub- 
stitute ties  should  be  reduced  from  new  tie-  in  relation  to  life  expectancy  of  tie-  used 
in  all  cases. 

Work  Trains 

GMA  provide!  thai  the  cosi  of  work  train-  engaged  in  picking  up.  concentrating 
oi  delivering  material  at  site,  togethei  with  incidental  Mad  haul  and  rental  of  equip 
ment,  should  be  charged  to  the  project,  a-  well  a-  the  laboi  cosi  <>t  unloading  material 
at   the  site    No  charge  i-  to  be  made  For  revenue  trains  handling  material  at   the  site 
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unless  such  trains  are  delayed  more  than  MJ  min,  and  no  car  rental  should  be  charged 
for  material  awaiting  unloading  or  for  cars  used  in  transporting  material. 

Variations  in  work  train  billing  and  handling  which  may  occur,  and  should  be  regu- 
lated to  control  costs,  include  charges  for  back-hauling  material  unnecessarily;  charges 
for  revenue  freight  movement  and  work  train  cost  billed  concurrently ;  tendency  to 
charge  time  and  labor  spent  on  the  railroad  portion  of  the  project  or  on  other  railroad 
work  to  the  industry;  work-train  hours  for  dead-heading  improperly  apportioned  between 
railroad  and  industry;  charges  for  double  handling  of  material  for  railroad  convenience; 
excessive  ballast  handling  costs  due  to  lack  of  or  improper  equipment  to  spread  and 
regulate  ballast  and  the  unnecessary  use  of  work  trains  to  handle  small  amounts  of 
material  that  could  be  transported  and  handled  at  lower  cost  by  truck,  set-off  cars  anil 
local  handling  equipment. 

SUMMARY 

In  the  light  of  the  present  competitive  situation  with  constant  loss  of  revenue  to 
truck  and  water  transportation,  a  revision  of  GMA  billing  rules  should  be  m3de  to 
cover  industry  track  construction  and  maintenance.  Present  rules  were  derived  from  a 
time  when  railroads  controlled  nearly  all  industry  transportation,  and  although  they 
probably  do  no  harm  in  inter-railroad  billing,  they  are  no  longer  applicable  to  a  situation 
where  an  industry  track  is  merely  a  device  to  enable  the  railroad  to  sell  transportation 
and  obtain  revenue  that  can  otherwise  probably  be  moved  by  other  transportation 
methods. 

It  is  recommended  that  joint  GMA-AREA  action  be  taken  to  set  up  a  national  code 
for  use  by  all  railroads  to  assure  fair  treatment  of  all  industries  by  all  railroads.  Among 
the  points  that  should  be  covered  by  self-imposed  regulations,  designed  to  meet  the 
existing  competitive  situation  and  to  enable  industry  to  closely  estimate  siding  costs  in 
all  cases,  are: 

(1)  Division  of  cost  between  railroad  and  industry,  by  basic  divisions  with  ap- 
plicable traffic  volume  reduction.  This  code  should  also  set  up  controls  on 
use  and  application  of  "Team  Tracks"  and  "Easements  for  Railway  Track"  as 
well  as  location  of  industry  tracks  on  railroad  property  and  right-of-way. 

(2)  Specified  billing  practices  to  be  followed  by  railroads  on  industry  track  charges, 
including: 

(a)  applicable  labor  costs  and  surcharges; 

(b)  applicable  basis  for  material  charges,  both  new  and  second-hand,  includ- 
ing accounting  expense,  stores  expense,  handling  expense,  transportation 
expense  and  supervisory  and  inspection  expenses ;  provision  for  outside 
purchase  charges. 

(c)  applicable  equipment  rental  charges  and  handling  and  supply  expense; 

(d)  overhead  and  engineering  charge  basis. 

(3)  Specific  provisions  for  lease  of  materials  to  industry  on  uniform  rates  and 
for   time  payment  of  labor  charges,  if  desired. 

(4)  Specific  provisions  for  handling  contract  work  charges  performed  under  rail- 
road supervision  on  industry  projects. 

(5)  Applicable  provisions  for  uniform  flat  rate  unit  costs  to  be  used  by  railroads 
for  industry  track  construction  and  maintenance  work  where  desired,  and 
accounting  methods  to  be  followed  in  dandling  such  projects  as  to  reserve 
handling    for    over    run    and    under    run    on    projects.    Included    in    this    topic 
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would   be   a    formula    for   varying   unit    costs   in    line   with   current   labor  and 
material  cost   variations. 
(6)   Provision   for  handling  grading,  drainage,  bridge  construction,  utility-shifting 
charges  and   other  irregular  expenses  not  normally  applicable   under   railroad 
unit-cost   work  by  contract   or  railroad  cost-plus  arrangement. 

This  code,  setting  up  the  basis  for  division  of  cost;  for  all  material,  labor  and  equip- 
ment charges;  for  leasing  and  time-payment  arrangements;  and  for  unit-price  construc- 
tion schedules,  should  be  distributed  without  charge  to  all  industries  using  or  contem- 
plating railroad  sidings,  and  all  railroads  should  be  pledged  to  follow  the  code. 


Report  on  Assignment   11 

Review  of  Developments  in  New  Methods  and  Modes  of  Transport 

F.  J.  Richter  (chairman,  subcommittee),  A.  J.  Gellman,  S.  B.  Gill,  C.  L.  Heimbach, 
A.  S.  Lang,  D.  K.  McNear,  F.  N.  Nye,  F.  L.  Rees,  A.  L.  Sams,  D.  S.  Sundel,  H.  L. 
Woldridge 

Your  committee  submits  the  following  report  of  progress  as  information  in  the  con- 
tinuing study  of  new  methods  and  modes  of  transport. 

Container  ization 

Under  this  assignment  your  committee  reports  on  developments  in  new  methods 
of  transportation.  If  this  assignment  were  followed  precisely,  containerization  could  not 
very  well  be  consideerd  for  it  is  not  literally  a  new  method  of  transportation. 

The  origins  of  containerization  in  the  United  States  can  be  traced  to  the  early  nine- 
teenth century.  It  was  not  until  the  1920's  however,  that  American  railroads  employed 
containers  to  move  any  significant  part  of  their  traffic  on  a  routine  basis.  This  early 
rail-sponsored  program  failed  to  be  a  success  for  several  principal  reasons.  First,  the 
carriers  involved  were  not  permitted  by  the  Interstate  Commerce  Commission  to  publish 
rates  sufficiently  attractive  to  generate  necessary  amounts  of  container  traffic  notwith- 
standing the  fact  that  the  rates  which  some  of  the  railroads  proposed  were  certainly 
compensatory  when  measured  against  any  known  yardstick  of  costs.  Second,  the  rail 
carriers'  concept  of  containerization  at  that  time  did  not  include  their  adopting  a  "sys- 
tems approach"  to  the  problem.  There  was  little  recognition  of  the  interrelationship 
between  decisions  taken  in  one  area  of  containerization  and  those  reached  in  the  func- 
tioning of  the  system  in  another  of  its  elements.  Third,  rail  carriers  interested  in  con- 
tainerization worked  almost  entirely  independently  of  one  another,  viewing  container 
traffic  primarily  as  local  traffic  with  a  relatively  small  amount  of  the  total  container 
movements  actually  involving  interchange.  A>  a  result,  no  serious  attempt-  were  made 
towards  industrywide  container  standardization. 

This  all  happened   in   the  past.  But   obviously,  a   number  of   le i-  t  in   Ik-   learned 

from  this  earlier  railroad  experience.  It  is  important  that  such  experiences  be  assimilated 
l>\  the  railroads  because  the  present  marked  trend  towards  containerization,  coupled  with 
ili<  economy's  demand  for  new  services  of  this  type,  present  the  railroad-  with  an  oppor- 
tunity to  re-establish  themselves  in  a  position  of  growth  ami  to  permit  the  industr)  to 
continue  in  the  long-run  to  function  as  the  nation's  principal  agencj   ol   transportation, 

Some  very  significant  recent  developments  have  occurred  which  put  the  movement 
"i  containers  in  a  different  light.  The-e  developments  can  lie  likened  to  the  impetus  given 
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to  the  long-haul  intercity  trucking  operations  by  adoption  of  the  king  pin  and  fifth 
wheel  combination  which  enabled  trailers  and  truck  tractors  to  be  coupled  in  any  com- 
bination anywhere  in  the  country.  This  did  for  the  trucking  industry  what  the  standard- 
ized coupler  did  for  the  railroad  industry. 

The  container  is,  in  a  way,  a  further  development  of  the  highway  trailer.  It  is  there- 
fore not  surprising  that  container-on-flat-car  operations  are  following  closely  on  the  heels 
of  the  trailer-on-flat-car  development.  In  fact,  two  railroads,  the  Missouri  Pacific  and 
the  New  York  Central,  make  container  units  a  substantial  part  of  their  road-rail 
operation. 

The  Missouri  Pacific  uses  demountable  trailer  bodies  as  containers,  transferring  them 
by  overhead  gantry  crane  from  trailer  chassis  to  railroad  flat  cars.  It  has  413  such  units 
and  is  also  interchanging  containers  with  the  Baltimore  &  Ohio,  which  has  150  similar 
containers.  The  New  York  Central  uses  in  its  Flexi-Van  service  a  special  demountable 
trailer  unit  that  rolls  onto  single-purpose  flat  cars  and  is  transported  by  rail  without 
trailer  running  gear.  The  New  York  Central  has  1075  such  units.  It  interchanges  with 
the  Milwaukee,  Burlington,  and  Santa  Fe,  extending  this  type  of  service  coast  to  coast. 
The  Milwaukee  Road  has  325  Flexi-Van  container  units  and  the  Burlington  100. 

Both  of  these  methods  of  transportation  were  evolved  out  of  a  desire  to  eliminate 
the  need  for  transporting  trailer  chassis  along  with  the  trailer  body. 

Piggyback  transport  itself  has  proved  to  be  an  effective  means  of  combining  rail 
and  truck  operations;  the  container  development  is  becoming  a  further  extension  of  that. 
As  such  it  holds  great  potential  for  effectively  extending  the  service  range  of  railroads 
to  points  beyond  present  rail  lines. 

Containerization,  as  implied  above,  means  more  than  merely  placing  commodities 
in  a  container.  It  is  a  method  of  transportation  and  distribution  involving  not  only  the 
container  but  also  the  methods  of  handling,  of  accounting  and  control  and  the  publica- 
tion of  scales  of  rates  and  charges  associated  with  container  use.  It  is  a  whole  set  of 
problems;  the  ramifications  of  decisions  in  any  single  problem  area  must  be  understood 
in  terms  of  the  impact  on  all  other  aspects  of  the  overall  system. 

This  report  deals  with  van  containers  and  cargo  containers.  Such  containers  are 
defined  as  having  a  base  area  in  excess  of  64  sq  ft,  and  they  can  be  moved  with  equal 
facility  by  any  of  several  modes  of  transportation — rail,  highway  and  water.  While  the 
highway  semi-trailer  or  trailer  is  a  container  and  while  some  of  the  best  aspects  of  con- 
tainerization are  demonstrated  by  present,  trailer-on-flat-car  operations,  little  considera- 
tion will  be  given  here  to  such  "containers"  to  which  wheels  are  permanently  attached. 

The  growth  of  containerization  in  the  United  States  can  be  illustrated  by  the  fact 
that  in  the  course  of  a  research  project  on  containerization  conducted  at  the  University 
of  California  at  Los  Angeles  in  1955,  it  was  determined  that,  aside  from  the  military 
establishment,  there  was  then  no  systematic  and  regular  use  of  containers  for  shipment 
of  general  commodities  in  the  United  States.  By  contrast,  in  mid-1060  it  has  been  deter- 
mined that  there  are  in  the  neighborhood  of  50,000  general  commodity  and  refrigerated 
containers  owned  and  operated  by  American  carriers  of  various  kinds.  The  great  majority 
of  these  containers — some  41,000 — are  owned  by  marine  operators,  but  in  many  instances 
these  containers  move  inland  for  traffic.  Present  rail  ownership  of  general  commodity 
and  refrigerated  containers  approximates  3000  units,  many  of  which  are  restricted  to 
carrying  traffic  local  to  the  owning  carrier's  lines  due  largely  to  the  general  lack  of  con- 
tainer standardization. 
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What  are  the  advantages  of  containerization? 

(1)  Widespread  use  of  containers  will  reduce  the  cost,  time,  and  labor  required 
for  loading,  stowing,  and  unloading. 

(2)  The  monetary  costs  and  delays  incurred  in  handling  separate  shipments  al 
transfer  points  can  largely  be  avoided.  This,  of  course,  is  at  the  heart  of 
the  "unit  loading"  principle  which  is  one  of  the  primary  bases  for  the  econ- 
omies of  containerization. 

(3)  The  greater  speed  with  which  loading  and  unloading  operations  can  be  per- 
formed increases  transport  vehicle  utilization,  thus  minimizing  the  capital 
investment  in  such  equipment  which  is  necessary  to  produce  any  given  amount 
of  transportation. 

(4)  In  the  same  vein,  the  more  uniform  loading  and  unloading  times  which  con- 
tainerization  produces  makes  possible  more  precise  scheduling  of  the  trans- 
portation vehicles  involved. 

(5)  Containerization  substantially  lowers  packaging  costs  and  packaging  material 
requirements;  physical  damage,  breakage  and  pilferage  are  also  reduced. 

(6)  Use  of  containers  minimizes  paper  work  for  many  types  of  moves. 

(7)  Containers  provide  shippers  and  receivers  alike  with  more  flexible  and  respon- 
sive transportation,  permitting  receipt  and  dispersement  of  commodities  to  be 
scheduled  more  in  keeping  with  the  customer's  other  operations.  In  this  con- 
nection, containers  can  provide  covered  storage  capacity  in  open  areas  when 
there  is  emergency  need  for  it.  It  can  be  said  that  containerization  is  more 
"consumer  oriented"  than  most  of  the  services  offered  by  the  rail  carriers. 
Such  reorientation  of  railroad  practices  is  long  overdue,  and  containerization 
has  the  added  advantage  of  fostering  the  change. 

Reliance  on  containers  may  also  carry  with  it  some  significant  disadvantages. 

(1)  The  capital  cost  of  the  containers  themselves  and  of  other  components  of  the 
container  system  are  substantial,  although  they  may  be  less  than  the  alterna- 
tive means  of  accommodating  the  traffic. 

(2)  The  tare  weight  of  the  containers  may  exceed  the  tare  associated  with  ship- 
ping in  another  manner,  although  again  this  will  often  work  the  other  way. 

(3)  The  need  for  returning  empty  containers  where  there  are  traffic  imbalances 
may  add  to  the  cost  of  producing  transportation  with  a  container  system. 
This  depends  upon  the  magnitude  of  the  empty  return  problem  where  some 
other  means  of  handling  the  traffic  could  be  utilized. 

(  \)  The  problem  of  accounting  for  containers  will  be  enormous  and  is  aggravated 
by  their  ability  to  be  detached  from  basic  transport  vehicles;  in  addition, 
the  number  of  containers  needed  to  provide  a  given  transport  capability  may 
he  substantially  greater  than  the  number  of  present-day  transport  vehicles 
required.  This  again  adds  t<>  the  accounting  problem.  (Without  doubt  automa 
tion  of  the  overall  container  accounting  task  is  important,  and  it'  accomplished, 
it  is  possible  that  container  accounting  maj  lie  substantial!)  simpler  and  less 
costly  than  is  the  present  car  accounting  job.) 

i^i  Maximum  employment    of  containers   requires  computation   .mil   publication 
of   new   scales  of   rates  and  charges   involving   both   inter-carrier  and   inter 
modal   interchange;    this   will    require   the   expenditure   of    substantial   amounts 
of  time,  effort,  and  money  but  should  prove   i  round,  profitable  investment. 
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For  the  railroads  to  derive  maximum  profits  from  the  present  trend  towards  coil 
tainerization,  it  is  obvious  that  substantial  standardization  is  essential  in  virtually  all  ele 

merits  of  the  container  system.  Without  such  standardization,  interchange  will  be  mini- 
mized, and  the  full  benefits  of  containerization  will  be  denied  to  the  eccnomy  in  general 
and  the  railroad  industry  in  particular. 

A  number  of  organizations  in  the  recent  past  have  devoted  themselves  to  the  problem 
of  container  standardization.  Pre-eminent  among  these  has  been  the  "MH-5"  committee 
on  shipping  containers  of  the  American  Standards  Association.  Fortunately,  this  commit- 
tee has  representatives  of  every  mode  and  virtually  every  method  of  transportation, 
with  competent  persons  representing  the  viewpoints  of  shippers,  carriers,  and  equipment 
manufacturers  alike.  Most  important,  the  work  of  the  MH-5  committee,  although  more 
advanced  than  most  organizations  interested  in  container  standardization,  is  yielding  the 
same  general  conclusions  which  other  committees  and  groups  are  reaching. 

In  surveying  the  reports  of  the  various  container  standardization  groups  as  well  as 
other  material  pertaining  to  containerization,  a  number  of  general  conclusions  with 
respect  to  container  size  can  be  drawn.  First  of  all,  it  seems  clear  that  a  container  cross 
section  of  8  ft  by  8  ft  will  be  adopted  as  standard.  As  to  lengths,  the  standard  con- 
tainers will  be  found  in  three  sizes:  10,  20  and  40  ft.  To  some  extent,  length,  width,  and 
height  requirements  are  dictated  by  the  capabilities  of  existing  transportation  equip- 
ment and  rights-of-way.  Each  mode  of  transport  and  many  individual  carriers  will  have 
contributed  to  the  compromises  necessary  to  achieve  standardization  of  dimensions.  Given 
containers  of  the  three  standard  sizes,  there  is  a  general  feeling  that  greatest  emphasis 
will  be  placed  on  procurement  of  containers  of  the  smaller  two  sizes  with  the  use  of 
40-ft  units  being  somewhat  restricted  to  movements  between  major  terminal  areas  which 
do  not  require  the  container  to  be  moved  through  a  congested  central  city  area  in  the 
course  of  its  travels. 

The  most  common  container  construction  material  is  steel  which,  of  course,  repre- 
sents at  present  the  medium  for  producing  the  lowest  cost  and  most  durable  reusable 
shipping  container.  There  are  a  number  of  aluminum  and  steel-and-aluminum  containers 
in  use,  but  while  they  reduce  the  weight  of  a  container  of  given  capacity,  such  construc- 
tion presently  incurs  substantially  higher  capital  cost.  As  experimentation  and  develop- 
ment continue,  other  materials  may  come  into  widespread  use  in  container  construction. 
These  could  include  plastics,  magnesium  alloys  and  other  materials  used  separately  or  in 
various  combinations. 

Among  the  questions  which  must  be  considered  in  determining  the  materials  to  be 
employed  in  container  construction  are:  How  rigid  and  dimensionally  stable  must  the 
container  be?  How  much  of  a  load,  both  statically  and  dynamically  must  it  be  capable 
of  sustaining?  How  durable  should  it  be;  how  long  should  it  last?  What  corrosion  or 
other  environmental  problems  are  anticipated?  As  noted,  steel  provides  the  best  solution 
at  present,  but  any  steps  toward  container  standardization  should  not  eliminate  the  pos- 
sibility of  integrating  into  the  system  containers  of  standard  dimensions  which  are  con- 
structed of  other  materials  than  steel. 

Many  of  the  container  design  features  which  should  be  standardized  are  dictated  by 
the  standard  container  handling  techniques  adopted.  Others  are  determined  by  the  char- 
acter of  the  commodities  which  the  containers  are  intended  to  accommodate.  In  the 
former  category,  it  is  clear  that  every  container  should  be  fitted  with  the  hardware  neces- 
sary to  permit  its  being  lifted  from  above.  All  containers  therefore  must  have  corner 
castings  designed  for  this  purpose.  The  40-ft  containers  should  also  have  similar  fittings 
on  both   top  edges,   10  ft  in  from  each  end.  Every  standard  container  should  also  be 
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capable  of  bottom-lift  handling  by  fork  truck  or  bj   strap  or  grappler  lifl   from  above 

The  standard  container  must  be  corner  post  loaded  and  stackable  at  least  two  hiph  when 
loaded  and  somewhat  higher  when  empty.  If  the  container  is  to  have  the  capability  ol 
free  interchange  with  ocean  carriers,  it  should  be  able  to  withstand  stacking  at  leasl 
six  high  when  loaded.  Given  present  construction  techniques  and  container  loading  con- 
cepts, the  standard  container  will  probably  have  a  door  on  one  or  both  ends  rather  than 
along  its  sides. 

With  respect  to  the  terminal  handling  of  containers,  vehicle-to-vehicle  or  vehicle-to- 
ground  transfer  of  containers  can  efficiently  be  carried  out  in  several  ways,  depending 
primarily  on  the  number  of  handlings  which  the  particular  terminal  is  required  to  carry 
out  in  any  given  period.  While  the  argument  between  the  end  loading  and  selective  side 
loading  of  railroad  cars  rages  on  with  respect  to  piggyback  terminal  operations,  selective 
side  loading  is  proving  to  be  best  suited  for  incorporation  into  the  container  system. 
Presently,  for  major  terminals  where  the  number  of  transfers  is  substantial,  the  mosl 
favorable  way  of  handling  the  containers  is  by  top  lift.  This  dictates  the  use  of  a  device 
such  as  the  track-straddling  gantry  crane.  This  piece  of  handling  equipment  presently 
effects  train-truck  or  train-ground  transfer  more  efficiently  than  any  alternative  method, 
provided  there  is  sufficient  traffic  to  keep  the  gantry  busy.  As  for  the  gantry  itself,  it 
should  be  capable  of  employing  the  appropriate  method  of  lift  as  dictated  by  the  job 
to  be  done. 

At  terminals  with  less  container  activity  it  is  imperative  that  a  handling  device  of 
substantially  less  capital  cost  than  the  track-straddling  gantry  be  employed.  As  yet  no 
such  piece  of  equipment  has  been  developed,  but  a  number  of  manufacturers  are  busily 
engaged  in  trying  to  solve  this  problem.  It  should  be  noted  that  one  of  the  reasons  the 
standard  container  must  be  designed  to  accommodate  bottom-lift  techniques  is  that  it  is 
probable  that  the  low-cost  container  transfer  unit  for  smaller  terminals  will  use  such  a 
technique. 

A  variety  of  railroad  equipment  now  in  service  is  capable  of  handling  containers  in 
its  present  form  or  with  some  modifications.  While  some  of  the  rolling  stock  will  accom- 
modate only  specially  designed  containers,  other  cars  will  take  virtually  any  type  of  con- 
tainer. This  equipment  includes  flat  cars  of  lengths  ranging  from  18  to  85  ft,  gondola 
cars,  Clejan  type  of  equipment,  Flexi-Van  cars,  etc.  In  the  past  several  years  there  has 
been  a  marked  trend  towards  the  procurement  of  flat  cars  85  ft  in  length.  Several  thou- 
sand of  these  are  presently  in  service  with  many  more  on  order.  These  cars  can  accom- 
modate standard  containers  in  various  combinations  to  a  total  of  about  80  ft  of  length. 
Most  of  these  85-ft  flatcars,  however,  require  substantial  modification  if  used  in  con- 
tainer service  and  if  a  satisfactory  ride  is  to  be  given  to  the  container  and  its  lading. 
Several  equipment  manufacturers  are  presently  offering  devices  which  will  improve  the 
ride  qualities  of  such  rail  equipment  when  used  with  containers  rather  than  with  the 
highway  semi-trailers   for   which   they  are  primarily  designed. 

It  is  important  to  note  that  several  railway  equipment  manufacturers  arc  actively 
developing  new  types  of  cars  to  accommodate  containers.  One  of  the  common  objectives 
of  these  development  projects  is  to  minimize  the  capital  cos)  <>!  tin  rail  componenl  ol 
the  container  system;  other  objectives  include  the  reduction  of  car  maintenance  costs 
and  the  improvement  of  the  suspension  systems  to  provide  the  container  and  i!-  inline 
with   the  most     'delicate"  possible   ride 

It  is  quite  possible  that  the  most  crucial  single  factor  which  will  govern  thi 
of  growth   and  development    of   containerization   i-   tint  associated  with    the  rates   ami 
charges  published  for  container  services    Nol   only  tin-  level  of  rates  but   their  form  of 
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publication  will  be  extremely  important.  For  example,  the  existence  of  a  large  number 
of  joint,  through  rates  which  permit  handling  of  containers  by  more  than  one  carrier 
and  by  more  than  one  mode  will  cause  marked  expansion  in  the  demand  for  container 
services  in  and  of  itself.  With  respect  to  the  level  of  rates  applicable  to  container  move- 
ments, experience  so  far  indicates  that  there  is  considerable  price  elasticity  in  the  demand 
for  container  service.  It  will  be  up  to  the  carriers  and  the  commissions  to  determine  the 
type  of  rates  which  will  be  published  as  well  as  the  level  of  such  rates. 

It  is  imperative  that  carriers  and  regulatory  agencies  alike  recognize  the  importance 
of  appropriate  rates  and  charges  to  the  growth  and  development  of  the  container  system. 
While  minimum  diversion  of  traffic  from  highly  rated  and  profitable  categories  is  a 
laudable  objective,  it  is  also  necessary  to  recognize  that  such  diversion  will  have  to  be 
tolerated  to  some  extent  if  the  container  system  is  to  grow  and  develop  and  produce  its 
full  potential  in  savings  and  profits  to  carriers,  shippers  and  the  public. 

With  respect  to  financing,  it  is  entirely  possible  that  the  railroad  industry  as  a  whole 
or  major  segments  of  it  will  find  it  advantageous  to  procure  and  operate  substantial 
pools  of  containers.  Such  an  approach  has  already  become  an  important  contribution  to 
T-O-F-C  development.  Pool  arrangements  would  increase  the  possibility  of  container 
traffic  being  freely  accepted  in  interchange  in  the  early  stages  of  the  container  system's 
operation.  Also,  a  pool  operating  under  a  single  manager  for  movements  control,  should 
minimize  the  extent  to  which  containers  have  to  be  back  hauled  empty.  In  addition,  if  a 
large  enough  container  pool  is  established  by  the  railroads,  and  if  this  pool  employs 
containers  of  the  standard  configuration,  great  impetus  will  be  imparted  to  the  whole 
container  standardization  program.  Thus,  the  container  development  can  become  a 
method  of  transportation  that  will  prove  extremely  beneficial  to  the  railroads.  It  holds 
the  potential  of  becoming  the  first  common  denominator  of  the  various  modes  of  trans- 
portation. And  with  the  railroads  retaining  an  "inherent  advantage  '  in  the  area  of  line- 
haul  transportation,  they  will  be  able  to  enlarge  their  share  of  the  transportation  market 
as  they  participate  in  this  pattern  of  positive,  dynamic  growth. 
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T.  L.  Hiadrix.  Jr.,  H.  M.  Hoffmeister  Committee 

Secretary, 

(  E  i    Member  Emeritus. 
Hied  March  8,   1960. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  in   study   but   no   report.   New   Manual  material   presented   under 
Assignments  6  and  7. 

2.  Prevention  of  corrosion  in  hot  and  cold  water  systems. 

Progress  report,   presented  as  information    page  237 

3.  Design,  construction  and  operation  of  coach-servicing  facilities  to  comply 
with  regulations  Of  the  U.  S.  Public  Health  Service,  collaborating  with  Joint 
Committee  on  Railway  Sanitation,  AAR. 

Brief   progress   report,  presented  as   information    page  241 

4.  Cathodic  protection  of  pipeline-  and  steel  storage  tank-,  collaborating  with 
Electrical  Section.  AAR. 

Final  report,  presented  as   information    page  242 

6.  Railway  waste  disposal  collaborating  with  Joint  Committee  on  Railwaj 
Sanitation,  AAR. 

Statement  of  recommended  practice,  submitted  for  inclusion  in  the  Manual,  page  244 

7.  Inspection  and  maintenance  of  diesel  fuel  oil  storage  tankv 

Statement  of  recommended  practice,  submitted  for  inclusion  in  the  Manual  .    page  247 

23  S 
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8.  Methods  of  controlling  spill  ige  of  fuel  oil  at  diesel  fueling  and  unloading 
stations. 

Progress  in  study,  but  no  report.  Tests  of  automatic-shut-off  fueling  equip- 
ment now  in  progress  and  will  be  reported  on  as  soon  as  they  have  been 
progressed  to   the  'point  where  they  can  be  properly  evaluated. 

9.  Disinfectants,   deodorants,   fumigants   and   cleaning   materials,   collaborating 
with  Joint  Committee  on  Railway  Sanitation,  AAR. 

Progress   report,   presented   as  information    page  248 

10.  Railroad  aspects  of  radioactive  substances,  collaborating  with  Joint  Com- 
mittee on  Railway  Sanitation,  AAR. 

Progress  in  study  of  procedures  to  follow  in  the  event  of  a  railroad  accident 
involving  radioactive  materials,  but  no  report. 

The  Committee  on  Water,  Oil  and  Sanitation  Services, 

D.  C.  Teal,  Chairman. 

AREA  Bulletin  560,  November  1960. 


MEMOIR 

Jgprort  aUtluur  Behcet 

Byron  Wilbur  DeGeer,  retired  engineer  water  service  and  fuel  facilities,  Great 
Northern  Railway,  passed  away  March  8,  1960  at  the  age  of  71,  after  a  lingering  illness. 
Committee  13  expresses  its  sorrow  at  the  loss  of  its  honored  member  and  friend.  He  is 
survived  by  his  wife  Inga;  daughter,  Mrs.  Robert  (Barbara)  Medcraft,  St.  Paul,  Minn.; 
three  sons,  Douglas  V.,  Chester  E.,  both  of  St.  Paul,  and  George  L.,  St.  Louis,  Mo.; 
and  a  sister,  Mrs.  A.  B.  Knutson,  Miami,  Fla.  He  was  affiliated  with  the  Hamline  Metho- 
dist Church,  St.  Paul,  for  many  years. 

Dick,  as  he  was  always  known  by  his  friends,  was  born  October  14,  1888,  in  Minne- 
apolis, Minn.,  the  son  of  George  and  Nora  (Thompson)  DeGeer.  He  attended  public 
schools  in  Minneapolis  but  had  to  leave  to  go  to  work  after  his  junior  year  in  high 
school.  He  had  a  very  active  mind  and  in  the  years  that  followed  he  obtained  a  knowl- 
edge of  engnieering,  particularly  in  the  field  of  water  treatment,  equal  to  that  of  many 
with  advanced  degrees. 

His  first  work  in  the  railroad  field  was  that  of  construction  on  the  Great  Northern 
Railway  as  a  chainman  in  1006.  He  held  jobs  successively  as  rear  flagman,  axeman,  head 
chainman,  rodman,  topographer  and  draftsman  on  Great  Northern  survey  crews  until 
1911,  when  he  went  to  work  as  instrumentman  and  later  resident  engineer  on  the 
Canadian  Pacific  Railway.  He  returned  to  the  Great  Northern  Railway  as  assistant 
engineer  on  construction  in  1016,  serving  in  that  capacity  until  he  was  appointed  assistant 
engineer  water  service  in  1917.  He  was  made  engineer  water  service  in  1920,  and  on  Sep- 
tember 1,  1949,  engineer  water  service  and  fuel  facilities,  serving  in  that  capacity  until 
his  retirement  in  October  1054. 

He  joined  the  AREA  in  1020  and  was  a  member  of  Committee  13  from  1022  to 
1955.  He  became  a  Life  Member  of  the  AREA  January  1,  1055.  Member  Emeritus  status 
on  Committee  13  was  given  him  July  5,  1955.  He  was  chairman  of  Committee  13  from 
1939  to  1945,  and  a  member  of  the  Joint  Research  Committee  on  Boiler  Feedwater 
Studies  from  1939  to  1950.  He  was  also  a  member  of  ASME  Subcommittee  on  Care  of 
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Steam  Boilers  and  Other  Pressure  Vessels   (Chemical  Section  1939-1954);   AREA  Com- 
mittee 26— Standardization,   1938-1941,  and  Committee  28 — Clearances,   1938-1945. 

His  passing  leaves  a  void  in  the  lives  of  many  of  us  who  knew  him  well,  and  the 
AREA  expresses  its  sympathy  and  sorrow  in  his  death. 

W.  F.  Arksey, 
E.  M.  Walters, 
Com  mitt  re  on  Memoir. 


Report  on  Assignment  2 

Prevention  of  Corrosion  in  Hot  and  Cold  Water  Systems 

J.  J.  Dwyer  (chairman,  subcommittee),  R.  C.  Archambeault,  R.  A.  Bardwell,  W.  E. 
Billingsley,  T.  W.  Brown,  V.  R.  Copp,  C.  E.  DeGeer,  H.  E.  Graham,  F.  0.  Klem- 
stine,  J.  J.  Laudig,  E.  T.  Myers,  R.  M.  Stimmel,  A.  G.  Tompkins. 

Corrosion  Prevention  in  Potable  Hot  Water  Systems 

Corrosion  damage  in  potable  hot  water  systems  is  undoubtedly  a  serious  matter.  Actual 
statistics  are  not  available,  but  it  is  estimated  that  the  damage  amounts  to  several  mil- 
lion dollars  per  year.  The  following  report  parallels  the  committee's  1959  report  on  "Cor- 
rosion Prevention  in  Steam  and  Condensate  Lines",  as  two  of  the  basic  causes  of  the 
damage  now  being  considered  are  the  same  as  in  the  previous  assignment,  namely,  carbon 
dioxide  and  oxygen. 

A  review  of  AREA  Proceedings  back  to  1937  has  disclosed  no  previous  considera- 
tion of  this  subject  by  Committee  13.  In  the  past  the  tendency  has  been,  in  many  in- 
stances, to  ignore  damage  in  potable  hot  water  systems,  and  to  simply  replace  failed 
piping  and  tanks.  No  doubt  an  important  consideration  was  that  the  word  "treatment" 
meant  ordinarily,  to  railroad  personnel,  the  use  of  such  chemicals  as  lime,  soda  ash, 
caustic  soda,  and  the  like,  which  had  little  appeal  as  additives  to  drinking  water,  except 
in  unusual  situations.  In  recent  years,  however,  labor  costs  have  risen  to  the  extent  that 
usually,  labor  now  costs  more  than  materials,  and  if  materials  can  be  used  which  last 
twice  as  long  as  previously  in  a  given  service,  labor  costs  are  automatically  cut  in  half 
and  worthwhile  savings  are  realized. 

It  is  no  secret  that  labor  costs  have  been  an  important  factor  in  the  switch  from 
galvanized  iron  piping  to  copper  piping  in  the  potable  water  field,  and  particularly  in 
potable  hot  water  systems.  Copper  costs  more  than  iron,  but  is  expected  to  last  much 
longer;  it  is  quicker,  simpler,  and  more  economical  to  install;  and  it  doesn't  pluj;  up 
with  deposits  nearly  as  fast.  In  some  cases,  however,  copper  fails  quicker  than  iron  pipe, 
in  which  cases  replacement  costs  wipe  out  the  anticipated  savings.  The  reasons  for  these 
premature  or  unexpected  failures,  and  methods  of  preventing  them,  are  the  bases  of 
this  report. 

It  has  been  established  that  corrosion  of  copper  water  piping  is  accelerated  rapidly 
with  increases  in  (1)  dissolved  oxygen,  (2)  dissolved  carbon  dioxide,  (3)  temperature, 
(4)  velocity,  and  (5)  turbulence.  In  one  example  studied,  40  water  leaks  occurred  in 
2lA  years  in  new  Type  L  copper  water  tube  supplying  zeolite-softened  potable  water. 
The  leaks  appeared  faster  and  in  greater  numbers  in  the  potable  bol  water  systems,  but 
appeared  also  in  the  potable  cold  water  lines.  This  case  illustrates  not  only  the  increase 
in  corrosion  rate  resulting  from   the  increase  in  temperature  of  the  water,  but    indicates 
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also  that  zeolite-softened  water  is  more  corrosive,  under  otherwise  equal  conditions,  than 
water  containing  nominal  hardness.  When  new  copper  tubing  failed  so  rapidly,  and  old 
copper  tubing  in  service  for  years  did  not  fail,  when  also  carrying  zeolite  softened  water, 
the  reasons  were  investigated.  The  difference  was  found  to  be  in  the  coatings  on  the 
inside  of  the  piping ;  the  new  pipe  had  none,  while  the  old  tubing  was  coated  with  a 
protective  film  of  thin,  hard,  adherent  carbonate-silica  deposit. 

The  failures  were  always  at  the  top  inner  surface  of  the  tube  in  horizontal  posi- 
tion. They  occurred  as  a  result  of  accumulation  of  gases  such  as  carbon  dioxide  and 
oxygen.  There  was  also  a  direct  correlation  between  the  frequency  of  failures  and  the 
demand  for  water.  Where  many  leaks  were  found,  high  flow  rates  were  necessary  to 
meet  demand.  All  the  failed  copper  tube  samples  in  this  study  indicated  a  velocity  effect 
in  addition  to  the  chemical  attack. 

In  failures  of  heat  exchangers  utilizing  potable  hot  water,  severe  localized  pitting 
occurred  facing  the  path  of  hot  water  flow  through  the  exchanger.  The  causes  were 
(1)   aggressive  water,  (2)   high  temperatures,  and  (3)   excessive  flow  rates. 

Another  cause  of  failures  by  corrosion  in  potable  hot  water  systems  is  the  galvanic 
couple.  Whenever  two  dissimilar  metals  are  placed  in  direct  contact  with  each  other,  such 
as  brass  or  copper  piping  connected  to  a  galvanized  water  tank,  an  electric  current  flows. 
The  water  flowing  in  or  out  of  the  tank  is  the  electrolyte.  The  current  produced  tends 
to  cause  one  of  the  metals  to  be  corroded  away.  The  rate  at  which  corrosion  proceeds 
is  dependent  upon  a  number  of  factors,  such  as  the  particular  metals  present,  the  tem- 
perature, the  substances  dissolved  in  the  water,  and  its  conductivity.  One  obvious  solu- 
tion to  this  problem  would  be  to  use  copper  piping  with  a  copper  or  monel  tank,  or 
galvanized  piping  with  a  galvanized  tank.  Copper  piping  is  very  much  favored  over 
galvanized  piping  in  most  installations  today  for  the  reasons  previously  mentioned,  but 
mostly  because  it  lasts  longer  before  it  fails  by  corrosion  or  becomes  plugged  up  with 
corrosion  products. 

In  spite  of  the  disadvantages  mentioned,  it  sometimes  becomes  necessary  to  use  com- 
ponents of  two  or  more  different  metals  or  alloys  in  a  potable  hot  water  system.  Corro- 
sion problems  so  produced  can  be  diminished  by  the  use  of  rubber  or  plastic  couplings, 
so-called  dielectric  unions,  bushings,  nipples,  or  gaskets  placed  between  the  two  different 
metals  so  as  to  separate  them  electrically,  thus  reducing  the  flow  of  electric  current.  This 
will  tend  greatly  to  reduce  the  rate  of  corrosion  at  critical  points  at  which  dissimilar 
metals  are  coupled  to  each  other  in  the  system.  It  should  be  mentioned,  however,  that 
a  dielectric  union  or  other  insulator  will  not  stop  or  greatly  mitigate  corrosion  if  the 
water  has  a  substantial  content  of  copper  dissolved  in  it.  The  copper  ions  will  plate  out 
as  metallic  copper  on  galvanized  surfaces,  forming  miniature  galvanic  calls,  which  produce 
a  corrosive  action.  Water  containing  ammonia  or  carbon  dioxide  is  very  prone  to  cause 
any  copper  in  the  system  to  go  into  solution  and  form  copper  ions. 

A  common  method  of  reducing  corrosion  in  potable  hot  water  tanks  is  to  place  a 
piece  of  magnesium  in  the  tank.  Such  magnesium  anodes  are  normally  effective  for  use 
only  in  certain  water  supplies,  however;  those  with  mineral  content  from  7  to  IS  grains 
per  gallon.  Very  pure  soft  water  is  almost  a  non-conductor  of  electricity,  and  with  water 
of  such  low  conductivity  there  is  no  great  need  to  provide  protection  against  galvanic 
corrosion.  On  the  other  hand,  with  high  dissolved  solids  content,  producing  a  high  con- 
ductivity rate  for  the  galvanic  current,  the  magnesium  anode  will  be  dissolved  too 
quickly.  Its  use  then  becomes  economically  impracticable  because  of  continued  replace- 
ment costs.  The  anode  method  cannot  be  recommended  as  a  means  of  protecting  ordinary 
galvanized  steel  tanks  because  of  the  large  metal  area  in  contact  with   water.  It  is   a 
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valuable  accessory  in  a  vitreous-enameled  or  "glass-lined"  steel  tank  because  of  the  small 
amount  of  actual  bare  metal  exposed  in  such  a  tank,  normally  from  5  to  8  percent. 

It  has  been  mentioned  that  the  primary  causes  of  corrosion  in  potable  hot  water 
systems  are  dissolved  gases  of  corrosive  nature.  Of  these,  the  important  ones  are  oxygen, 
carbon  dioxide,  and  hydrogen  sulfide.  A  means  of  diminishing  the  dissolved  gas  content 
of  water  is  the  mechanical  degasifier  or  deaerator.  Deaeration  is  accomplished  by  dividing 
the  water  into  small  particles  to  lower  the  liquid  phase  resistance  and  thus  facilitate  gas 
removal.  On  the  deaerator  a  vacuum  should  be  maintained  which  corresponds  to  the 
boiling  pressure  for  the  water  temperature  involved.  If  necessary  to  reach  extremely  low 
gas  concentrations,  multistage  units  can  be  employed.  Deaeration  can  lower  incoming 
concentrations  of  oxygen  from  the  range  of  6-12  ppm  down  to  1-2  ppm,  and  can  lower 
carbon  dioxide  of  from  40  ppm  down  to  S.O-6.5  ppm,  or  reductions  of  up  to  80  percent 
for  these  two  gases.  In  the  tests  mentioned  earlier,  in  softened  water  at  high  temperatures 
(170  and  200  F)  and  high  velocities  (8.1  and  13.1  ft  per  sec),  corrosion  losses  in  non- 
deaerated  water  were  up  to  50  percent  higher  than  in  deaerated  water.  Deaerators  for 
potable  hot  water  systems  are  designed  mainly  for  use  in  large  buildings  like  hospitals 
and  hotels.  For  such  service  a  minimum  of  0.06  ppm  residual  oxygen  will  give  good 
protection  at  temperatures  below  about   160  F. 

One  of  the  chemical  methods  of  protecting  potable  hot  water  systems  suggested  is 
the  carbonate  balance  (saturation  index)  system  of  treatment,  which  aims  at  depositing 
a  protective  layer  of  calcium  carbonate  on  the  inside  of  the  pipe  or  container.  By  de- 
creasing the  rate  of  diffusion  of  oxygen  to  the  metal,  the  protective  layer  tends  to  slow 
down  corrosion.  The  saturation  index  is  equal  to  the  difference  between  the  actual  meas- 
ured pH  of  a  water  and  the  value  of  pHs  as  calculated  by  the  Langlier  equation.1  The 
index  is  essentially  an  indication  of  the  tendency  for  a  calcium  carbonate  scale  to  be 
deposited. 

Some  straight  chemical  treatments  can  be  used  without  injuring  the  water  for  domes- 
tic use.  One  of  these  is  silicate  of  soda,  which  has  been  used  since  1920  to  protect  iron, 
lead,  and  brass  water  pipe.  For  the  first  month  the  dosage  may  be  12-16  ppm,  after 
which  it  may  be  reduced  to  8  ppm  or  even  less.  This  simple  treatment  has  reduced  the 
corrosion  rate  of  iron  pipe  by  70  percent,  and  has  practically  stopped  dezincification  of 
brass  pipe.  The  same  treatment  may  be  used  to  retard  solution  of  copper  by  regulating 
the  -ilicate  of  soda  so  as  to  give  the  water  a  pH  of  about  8. 

Sodium  metaphosphate  glass  has  proved  to  be  highly  useful  in  preventing  the  for- 
mation of  scale  deposits  due  to  excess  calcium  and  magnesium  salts  in  water,  utilizing 
a  dosage  of  only  2-5  ppm.  Higher  dosages  of  8-10  ppm  have  materially  retarded  corro- 
sion when  flow  rate  in  pipes  has  been  1  ft  per  sec  or  higher.  A  mixture  of  sodium  meta- 
phosphate glass  and  sodium  silicate  fed  together  appears  to  give  better  protection  to 
potable    water   systems,   both    hoi    and    cold,   than    either   separately. 

\  relatively  new  chemical  method  which  mi«ht  be  considered  is  dealkali/ation  This 
IS  a  method  of  reducing  the  alkalinity  of  water  by  utilizing  a  strongly  basic  anion  resin 
capable  of  splitting  salts  and  substituting  chloride  ions  for  bicarbonate,  carbonate,  sul- 
fate and  nitrate  ions.  This  is  accomplished  when  the  anion  resin  is  regenerated  with 
sodium  chloride.  Thus,  all  the  anions  in  the  water  are  changed  to  chlorides,  and  the 
bicarbonates  are  no  longer  available  to  be  converted  to  carbonic  acid  when  the  water  is 
heated.  The  use  ol  this  process  is  limited  in  potable  hot  waUi  systems  to  the  chloride 
content  which   may   -till   permit   the  water  to   be   classified   as   potable. 


i   The  Langelier  Index,"    \KI.\    Manual    page    13    is. 
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A  mechanical  means  of  reducing  the  corrosive  gas  content  of  systems  where  deaera 
tors   mi^ht  not    he  practical  is  the  application  of  simple  air-release  valves  to  hoi   water 
heaters  and  other  high  points  in  the  hot  water  system  where  gases  might  collect. 

It  has  been  reported  that  the  corrosion  rate  in  hot  water  systems  is  doubled  with 
each  17  deg  increase  in  temperature.  With  this  in  mind,  two  final  recommendations  are 
made,  which  are  considered  the  most  important  in  the  entire  report,  as  well  as  the 
simplest  to  apply.  They  are  (1)  use  the  heaviest  gage  materials  available;  if  using  cop- 
per, use  Type  K;  and  (2)  always  avoid  maximum  temperatures  over  140  F,  unless 
otherwise  required. 

SUMMARY 

Cannes  of  Hot  Water  Corrosion 

(1)  Corrosive  dissolved  gases. 

(a)  Carbon  dioxide. 

(b)  Oxygen. 

(c)  Hydrogen  sulfide. 

(d)  Ammonia. 

(2)  Dissolved  copper. 

(3)  High  temperature. 

(4)  High  velocity  and  turbulence. 

(5)  Galvanic  couples. 

Remedies  for  Potable  Hot  Water  Corrosion 

(1)  Deaerators. 

(2)  Air  release  valves. 

(3)  Chemical  treatment. 

(a)  Carbonate  balance  system. 

(b)  Sodium  silicate. 

(c)  Sodium  metaphosphate. 

(d)  Mixture  of  (b)  and  (c). 

(e)  pH  adjustment. 

(f)  Dealkalization. 

(4)  Reduce  maximum  temperature  to  140  F. 

(5)  Reduce  high  flow  rates  and  turbulence. 

(6)  Use  of  magnesium  anodes. 

(7)  Use  of  insulating  bushings  and  couplings. 

(8)  Use  of  Type  K  copper  pipe  and  fittings. 

CONCLUSION 

This  report  is  presented  as  information.  Your  committee  feels  that  the  subject  mat- 
ter covers  a  vital  need  of  the  railroad  industry  not  heretofore  considered  by  Com- 
mittee 13.  For  this  reason  the  study  should  be  continued  in  the  ensuing  year,  with  the 
knowledge  so  accumulated  to  be  molded  into  a  form  suitable  for  inclusion  in  the  Manual 
as  recommended  practice. 
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Report  on  Assignment  3 

Design,  Construction  and  Operation  of  Coach-Servicing  Facilities 
to  Comply  with  Regulations  of  U.  S.  Public  Health  Service 

Collaborating  with  Joint  Committee  on  Railway  Sanitation,  AAR 

C.  F.  Muelder  (chairman,  subcommittee),  J.  M.  Bates,  M.  R.  Bost,  I.  C.  Brown,  P.  J. 
Calza,  C.  E.  DeGeer,  D.  E.  Drake,  R.  S.  Glynn,  H.  E.  Graham,  T.  L.  Hendrix. 
A.  W.  Johnson,  F.  O.  Klemstine,  G.  F.  Metzdorf,  J.  C.  Roberts,  J.  P.  Rodger,  E.  R. 
Schlaf.  H.  M.  Schudlich,  H.  E.  Silcox,  E.  M.  Walters.  J.  E.  Wiggins,  Jr. 

Your  committee  submits  the  following  report  of  progress  in  the  study  of  design, 
construction  and  operation  of  coach-servicing  facilities  with  particular  reference  to  re- 
search conducted  this  p3st  year  by  the  AAR  Research  Center  on  coach  watering  hydrants. 
There  are  approximately  20,000  coach  watering  hydrants  now  in  use  on  American 
railroads  for  providing  potable  water  to  passenger  train  equipment,  cabooses  and  loco- 
motives. The  vast  majority  of  these  hydrants  are  unsatisfactory  to  the  United  States 
Public  Health  Service  because  of  underground  weep-hole  drainage,  or  flush  box  mounting 
at  grade  level,  or  both.  As  a  consequence,  the  railroads  are  being  urged  by  the  U.  S. 
Public  Health  Service  to  replace  these  unapproved  existing  facilities,  and  are  taking 
active  steps  to  insure  that  only  approved  facilities  are  in  service. 

Several  hydrants  have  been  available  from  different  manufacturers  in  the  past,  but 
very  few  of  these  have  been  able  to  meet  the  exacting  requirements  of  the  U.  S.  Public 
Health  Service,  various  governmental  agencies  and  the  needs  of  railroad  operations  in 
all  kinds  of  climate  and  varying  operating  and  maintenance  situations.  The  potential 
market  for  these  hydrants  is  relatively  small  and  as  a  consequence,  the  manufacturer  of 
the  most  popularly  accepted  hydrant  ceased  manufacture. 

Your  committee  has  cooperated  with  the  AAR  Research  Center  by  making  available 
to  them  a  hydrant  of  the  rubber-tube  type  for  test  purposes.  Several  meetings  have  been 
held  to  discuss  the  various  problems  involved.  A  canvass  of  Member  Roads  was  made 
asking  for  information  and  drawings  on  their  installations,  as  well  as  what  their  par- 
ticular needs  and  requirements  would  be.  During  1960,  a  patent  search  and  complete 
report  was  made  by  the  AAR  Patent  Division  of  the  Law  Department.  Indications  are 
that  the  post-type  hydrant  using  a  rubber-tube  type  of  mechanical  ejector  would  be 
acceptable  to  a  majority  of  the  Member  Roads.  The  initial  cost,  and  installation  and 
miintenance  costs  of  this  type  of  hydrant  are  low.  It  is  the  most  widely  accepted  by 
our  industry.  At  the  present  time  this  hydrant  is  not  being  manufactured.  It  is  intended 
to  try  and  see  if  arrangements  can  be  made  to  make  new  hydrants  and  necessary  repairs 
available. 

Consideration  is  also  being  given  to  an  electrically  heated  hydrant.  Any  new  ideas 
which  can  be  developed  in  the  coming  year  will  also  be  examined  so  that  the  best  possible 
and  most  economical  facility  can  be  made  available. 
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Report  on  Assignment  4 

Cathodic  Protection  of  Pipe  Lines  and  Steel  Storage  Tanks 

Collaborating   with   Electrical   Section  AAR 

W.  F.  Arksey  (chairman,  subcommittee),  R.  O.  Bardwell,  V.  R.  Copp,  J.  J.  Dwver,  T.  I. 
Gray,  T.  L.  Hendrix,  R.  M.  Hoffmeister,  E.  T.  Myers,  H.  E.  Silcox. 

In  previous  reports  on  this  assignment  your  committee  discussed  the  subject  under 
the  headings:  A.  Introduction  to  Cathodic  Protection;  B.  Cathodic  Protection  Technical 
Practices;  and  C.  Instrumentation.  The  following  report  completes  the  work  on 
cathodic  protection  of  pipe  lines,  and  is  offered  as  information. 

D.   DESIGN   OF   CATHODIC   PROTECTION   SYSTEM   FOR   PIPE   LINES 
Soil  Potentials 

A  survey  of  the  pipe-to-soil  potentials  should  be  made  using  a  high-resistance  volt- 
meter or  potentiometer  and  a  copper  sulfate  electrode.  The  negative  pole  of  the  volt- 
meter is  connected  to  an  exposed  point  on  the  pipe  line  and  the  positive  pole  to  the 
copper  sulfate  half  cell.  The  cell  should  be  placed  in  good  contact  with  moist  earth. 
Readings  are  then  taken  every  50  ft,  extra  readings  being  taken  to  pin  point  the  loca- 
tion of  the  lowest  potential.  A  small-diameter  lead  wire  with  a  plastic  coating  may  be 
used  to  reach  several  hundred  feet  before  moving  the  instrument.  A  large  fishing  reel 
or  commercial  wire  reel  makes  a  handy  method  of  handling  the  long  lead  wire.  Suitable 
lead  from  the  reel  to  the  instrument  allows  readings  to  be  taken  as  the  wire  is  unwound. 
Clips  should  be  attached  to  the  ends  of  lead  wires  for  easy   attachment  to   terminals. 

Current  flow  in  the  pipe  is  determined  by  measuring  the  potential  drop  along  a 
calibrated  length  of  pipe  as  shown  in  Fig.  2,  Note  2. 

The  above  tests  are  made  to  assure  that  no  unusual  condition  exists,  such  as  stray 
current  from  d-c  sources  or  particularly  low  pipe-to-soil  potentials. 

Soil  Resistivity 

Soil  resistivity  tests  may  be  made  by  either  the  four-pin  method,*  which  gives  an 
average  reading  to  a  specified  depth,  dependent  on  the  distance  between  pins,  or  by  the 
Collins  bar  method,  which  measures  resistivity  of  only  the  small  bit  of  earth  at  the  point 
of  probe.  With  common-sense  interpretation,  the  results  of  the  two  methods  are  com- 
patible. 

The  resistivity  test  shows  two  things:  (1)  A  low  resistivity  permits  easy  flow  of 
corrosion  currents  and  may  indicate  a  corrosion-prone  environment;  (2)  low  resistivity 
will  permit  easy  flow  of  cathodic  protection  current  which  might  be  applied,  giving 
greater  current  from  a  galvanic  anode  or  lower  power  requirements  from  a  rectifier  unit. 

A  high  resistivity  probably  means  no  worries  from  corrosion. 

Resistivities  will  vary  generally  from  500  ohm  centimeters  upward,  with  soils  below 
2500  being  classed  as  severely  corrosive. 

If  17-lb  magnesium  anodes  are  to  be  used,  a  soil  test  of  2000  ohm  centimeters  will 
indicate  an  anode  current  output  of  about  70  ma  and  an  anode  life  of  perhaps  14  years. 
The  lower  the  soil  resistivity  the  greater  the  current  and  shorter  the  life.  On  the  other 
hand,  a  higher  resistivity  means  less  current,  longer  life,  but  need  for  more  frequent 
anodes  to  protect  the  pipe. 


*  Bureau  (if  Mines  Information  Circular  7827. 
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Determining   Number  of  Anodes 

A  relatively  simple  method  of  determining  the  number  of  galvanic  anodes  to  be 
used  to  protect  a  given  line  is  as  follows:  Install  one  anode  as  shown  in  Fig.  2.  Measure 
amount  of  current  which  this  anode  will  cause  to  flow.  Then  connect  a  storage  battery 
and  a  rheostat  between  the  anode  and  the  pipe  line.  Adjust  the  rheostat  to  give  a  poten- 
tial, pipe  to  soil,  reading  of  minus  0.85  at  end  of  line.  Measure  the  current  required  to 
obtain  0.85  reading.  The  number  of  anodes  to  protect  the  line  then  equals 

Battery   current 

Anode  current 
Example:   If  one  anode  produces  50  ma  current  and  battery  current  required  is  250  ma, 

then  — — —  =  5  anodes  required. 
Fig.  1  shows  a  typical  anode  and  Fig.  2  presents  a  suggested  installation. 

Anode  Installation 

The  position  of  the  anode  in  a  vertical  hole  in  the  bottom  of  the  trench  is  preferred, 
as  backfill  material  will  not  settle  away  from  the  anode  as  it  might  if  laid  in  a  hori- 
zontal position.  The  anode  also  has  a  better  chance  of  staying  in  moist  soil  when  located 
below  the  bottom  of  the  trench.  There  are  conditions,  such  as  rock  cuts,  that  necessitate 
laying  the  anode  in  a  horizontal  position  to  save  the  high  cost  of  extra  excavation.  A 
word  of  caution  with  regard  to  the  anode  lead  connection  to  the  pipe:  the  surface 
should  be  cleaned  to  bright  metal  for  the  thermite  weld.  Care  should  be  taken  to 
thoroughly  coat  the  weld  metal  to  prevent  setting  up  a  corrosion  cell  between  the  weld 
metal  and  the  steel  pipe. 

The  test  box  shown  in  Fig.  2A  is  of  a  simple  home-made  design.  Commercial  test 
stations  are  also  available  from  manufacturers  of  cathodic  protection  test  equipment  if  a 
more  elaborate  arrangement  is  needed.  The  distance  shown  of  3.98  times  the  weight  of 
pipe  per  foot  is  used  in  order  to  give  a  resistance  of  1  milliohm.  Then  the  current  in  the 
line  Will  be  1  amp  for  each  millivolt  potential  difference.  No  dimensions  are  shown  for 
the  size  of  hole  which  should  be  bored  for  installing  anodes  as  it  varies  with  the  size 
of  the  anode.  A  hole  3  to  4  in  larger  in  diameter  than  the  anode  should  suit  most  instal- 
lations. Suppliers  of  packaged  anodes  show  the  outside  diameter  of  the  enclosing  bag 
in  their  catalogs. 

Reference 

Bulletin  entitled:  High  Current  Magnesium  Anodes. 


Report  on  Assignment   6 

Railway  Waste  Disposal 

T.  A.  Tennyson  (chairman,  subcommittee),  R.  C.  Archambeault,  J.  M.  Bates,  I.  C. 
Brown,  D.  E.  Drake,  R.  S.  Glvnn,  G  E.  Hartsoe,  F.  O.  Klemstine,  J.  J.  Laudig, 
H.  L.  McMullin,  G.  F.  Metzdorf,  J.  Y.  Neal,  C.  W.  Owens,  A.  B.  Pierce,  J.  C. 
Roberts,  E.  R.  Schlaf,  R.  M.  Stimmel,  A.  G.  Tompkins,  E.  M.  Walters,  J.  E.  Wig- 
gins, Jr.,  H.  W.  Van  Hovenberg. 

For  a  number  of  years  your  committee  has  submitted,  as  information,  reports  on 
disposal  of  industrial-type  wastes  that  can  cause  or  contribute  to  pollution  of  public 
waters.  It  now  submits  the   following  condensed  statement  of  recommended  practice  as 
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a  nnal  report,  with  the  recommendation  that  this  statement  be  published  in  the  Manual, 
under  the  title  "Waste   Disposal",  at  the  end  of  Part  8 — Sanitation 

WASTE  DISPOSAL 

A.  GENERAL 

Since  it  is  in  the  public  interest  to  alleviate  pollution  of  streams,  lakes  and  other 
public  waters,  the  control  of  industrial  waste  disposal  is  an  active  matter  in  federal  and 
local  government  as  well  as  under  interstate  and  international  agreements.  The  railroads 
are  mainly  involved  through  their  generation  of  industrial-type  wastes  in  shop  and  yard 
areas   where   the    major   problem   is   in   connection    with    the   oil   content   of  such    wastes. 

There   is    no   simple   solution   generally   applicable    to   all    waste-disposal   problems, 
since    each    problem    and    location    requires    individual    attention    from    a    technical    stand 
point  for  its  solution  and  control.  This  points  to  the  nvv<\  for  an  organization  to  handle 
waste  disposal  similar  to  the  type  of  organization  that  handles  water  treatment   problems. 

B.  ORGANIZATION 

An  individual  of  adequate  technical  training,  who  is  familiar  with  laboratory  pro- 
cedures and  has  supervisory  ability,  should  be  selected  to  handle  waste-disposal  problems. 
He  should  have  an  adequate  staff  and  equipment,  and  authority  to  do  the  job. 

C.  PRELIMINARY  STEPS 

In  the  approach  to  control  of  water  pollution  there  are  several  basic  factors  which 
must  be  considered;  these  are: 

1.  Know  the  condition  and  flow  of  the  receiving  water. 

2.  Ascertain  all  applicable  pollution-control  requirements. 

3.  Know  exactly  what  type  and  amounts  of  wastes  are  to  be  handled  and  their 
relation  to  regulations  and  local  conditions  to  determine  the  most  economical 
approach. 

4.  Take  any  advantage  indicated  where  one  waste  might  neutralize  another. 

5.  Contact  control  authority  and  prepare  complete  plans  for  disposal  of  the  wastes. 

6.  Obtain  formal  approval  of  the  plans,  if  required. 

7.  Prepare  a  complete  description  of  the  facilities  for  pollution  control,  including 
requirements  that  must  be  met  and  controls  necessary,  so  that  the  personnel 
later  charged  with  operating  the  facilities  will  understand  the  factors  involved 
in  the  disposal  of  the  wastes. 

I).  EVALUATION  OF  THE  PROBLEM 

In  nuking  plans  for  disposal  of  water-borne  wastes  the  simple  solution  should  not 
be  overlooked.  It  ma\  often  be  possible  to  meet  pollution-control  requirements  by  pre- 
venting mishandling  and/or  misuse  of  the  materials  which  cause  or  contribute  to  pol- 
lution of  water.  Floating  solids  as  well  as  excessive  amounts  of  readily  settleable  solids, 
alkalis,  acids  and  visible  oil  are  prohibited  in  liquid  wastes  that  ire  discharged  to  public 
waters.  If  at  ill  possible,  an  appropriate  agreement  should  be  negotiated  that  will  grant 
permission  to  discharge  such  wastes  into  an  existing  municipal  sewerage  system  or 
industrial  waste  disposal  facilitj 

i    Stud)   sources  ol  contaminants  and  attempt  to  reduce  loss  ol   fuel,  lubricating 

oil,  etc  .  .1-  well  a-  wash-  of  ,  leaning  materials. 
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2.  Eliminate  so  far  as  feasible  the  use  of  cleaning  and  other  materials  which  con- 
tain chemicals  not  acceptable  in  public  waters  in  reasonable  amounts. 

3.  Segregate  polluted  water  from  the  main  storm-water  shop  or  yard  drainage 
system.  Where  this  cannot  be  done  it  may  be  necessary  to  run  drainage  to  la- 
goons of  sufficient  size  to  hold  storm  runoff  and  provide  means  to  have  a  con- 
stant rate  of  flow  from  the  lagoons  to  oil-separation  facilities. 

4.  If  at  all  possible,  separate  sanitary  sewers  from  shop  drainage. 

E.  DESIGN  OF  FACILITIES 

Facilities  for  separation  of  oil  and  water,  etc.,  are  readily  available  commercially. 
They  can  also  be  designed  from  published  data.  With  them  the  entire  range  of  the  prob- 
lem can  be  handled,  including  separation  of  oil  and  water,  neutralization  of  acid  and 
alkaline  wastes,  separation  of  solids,  and  combinations  of  these.  Methods  of  analysis  and 
control  are  available  in  the  literature. 

F.  OPERATION  OF  FACILITIES 
Adequate  control  is  necessary  for  proper  operation  of  waste-disposal   facilities,  and 
the  following  practices  are  considered  essential: 

1.  Cooperate  with  control  agencies. 

2.  See  that  adequate  laboratory  controls  are  set  up  and  used. 

3.  Sponsor  regular  discussions  of  waste-disposal  problems. 

4.  Maintain  adequate  contact  with  current  developments  by  reading  published 
data,  attending  meetings,  etc. 

G.   DISPOSAL  OF   MATERIAL   REMOVED   BY  WASTE  TREATMENT 

Contaminating  material  removed  from  waste  water  must  be  disposed  of  in  such  a 
manner  that  it  will  not  further  contribute  to  the  pollution  problem.  It  may  often  be 
possible  to  reuse  waste  water  as  well  as  the  waste  oil  separated  from  it.  In  case  the  oil 
cannot  be  reused,  it  must  be  burned  or  arrangements  made  to  have  it  picked  up  by  a 
scavenger.  Solids  should  be  dumped  in  such  locations  that  they  cannot  get  into  streams 
or  contaminate  underground  water  supplies. 

The  solution  of  this  portion  of  the  problem  will  depend  entirely  on  local  conditions 
and  should  be  thoroughly  considered  when  waste-disposal  facilities  are  planned. 

REFERENCES 

1.  Water  Pollution  Abatement  Manual  (Wl,  W2,  W3,  W4,  WS),  Manufacturing  Chemists' 
Association. 

2.  Manual  on  Disposal  of  Refinery  Wastes  (Vol.  I,  II,  III,  IV,  V),  American  Petroleum 
Institute. 

3.  ASTM  Standards,  Part  10,  1958,  American  Society  for  Testing  Materials. 
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Report  on  Assignment  7 

Inspection  and  Maintenance  of  Diesel  Fuel  Oil  Storage  Tanks 

A.  W.  Johnson  (chairman,  subcommittee),  V.  C.  Barth,  M.  R.  Bost,  P.  J.  Calza,  C.  E. 
DeGeer,  T.  I.  Gray,  G.  E.  Hartsoe,  J.  J.  Laudig,  J.  Y.  Neal,  C.  W.  Owens,  H.  E. 
Silcox,  T.  A.  Tennyson,  Jr.,  C.  B.  Yoitelle. 

Your  committee  has  critically  reviewed  its  last  year's  report  on  this  subject  and 
believes  that  it  represents  a  practical  and  adequate  standard  procedure  of  oil  tank  main- 
tenance. It  is  recommended,  therefore,  that  the  report  be  adopted  as  recommended  prac- 
tice and  published  in  the  Manual  in  Chapter  13  under  Part  3,  following  Specifications 
for  Welded  Steel  Tanks  for  Water  or  Oil  Storage,  under  the  assignment  title. 


INSPECTION   AND    MAINTENANCE   OF    DIESEL   FUEL   OIL 
STORAGE  TANKS 

Diesel  fuel-oil  tanks  should  be  inspected  at  six-month  intervals,  spring  and  fall, 
primarily  to  determine  the  amount  of  water  and  sediment  accumulated  in  the  bottoms. 
This  includes  all  tanks,  regardless  of  size,  located  above  ground  or  underground.  The 
accumulation  of  water  and  sediment  can  ordinarily  be  removed  from  above-ground 
tanks  by  gravity  through  valved  outlets  near  the  tank  bottom  if  the  tank  is  so  equipped. 
If  there  are  no  such  outlets,  water  and  some  sediment  can  be  removed  by  pumping 
through  the  opening  in  the  top  of  the  tank. 

Fuel  samples  should  be  taken  by  a  qualified  inspector  using  an  ASTM  "tank  thief," 
a  sampling  device  having  a  cast  aluminum  case  4  in.  in  diameter  by  12  in  long,  with 
a  spring-actuated  butterfly  valve  at  the  bottom.  It  is  open  at  both  ends  when  being 
lowered  into  the  oil,  and  the  butterfly  valve  can  be  closed  at  any  level  to  take  a  sample; 
it  closes  automatically  l/&  in  above  the  bottom.  Usually,  samples  are  taken  at  the  half- 
full  level  and  near  the  bottom  for  analysis  and  report.  The  report  should  include  the 
pH  value  and  the  salinity  of  the  water,  as  in  a  few  cases  it  has  been  found  that  the 
water  was  acid  or  corrosive  in  nature  and  may  cause  the  tank  bottoms  to  corrode.  Ac- 
cumulation of  water  and  sediment  over  a  six-month  period  usually  is  negligible.  A  sub- 
stantial amount  indicates  ground  or  surface-water  leakage  into  the  tank.  Above-ground 
tanks  are  less  subject  to  such  leakage  and  less  expensive  to  maintain. 

The  seriousness  of  fire  and  explosion  hazards  in  connection  with  working  in  and 
around  tanks  used  for  storage  of  diesel  fuel  oil  is  generally  recognized.  If  tanks  are 
emptied  for  inspection,  cleaning  or  repairs,  the  interior  should  be  thoroughly  cleared 
of  oil  fumes  by  steaming  or  venting  and  then  tested  with  an  explosimeter.  If  this  is  not 
practical,  men  entering  tanks  must  be  equipped   with  air-pack  breathing  devices. 

Inspection  of  tanks  for  general  condition  and  determination  of  repairs  needed  should 
be  made  annually  by  division  supervisory   forces. 

Service  piping  from  tanks  should  be  arranged  so  that  the  entire  depth  of  fuel  can 
be  used  or  circulated  to  prevent  its  becoming  too  old,  resulting  in  oxidation  or  enlarge- 
ment of  particle  size  which  would  cause  filter  stoppage  or  locomotive  fuel-injector  trouble. 
If  the  tank  drain  will  not  remove  all  water  and  sediment,  a  suitable  inhibitor  can  In- 
used  to  protect  against  corrosion  of  the  bottom. 

In  addition  to  semi-annual  anrl  annual  inspections  of  tanks  to  determine  general 
conditions  and  need  of  repairs,  there  are  several  other  items  having  a  dired  bearing  on 
the  condition   of   tanks   which    should    be  checked  at   the   time  of   inspection,  as   follows: 
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1.  Tanks  and  their  surrounding  areas  should  be  clean  and  free  of  weeds,  grass, 
paper  and  other  combustible  material.  There  should  be  good  drainage  away 
from  tank  bottoms  to  minimize  corrosion 

2.  Air-inlet  screens  must  be  clear  of  dirt,  rust  or  frost,  as  it  is  possible  to  rupture 
a  tank  by  pumping  oil  into  or  out  of  it  if  the  vents  are  frozen  or  otherwise 
clogged. 

3.  All  valves,  manual  or  automatic,  for  normal  operation  or  emergency  protection 
should  be  opened  and  closed  several  times  to  be  sure  that  they  are  in  operating 
condition. 

4.  If  diesel  fuel-oil  storage  tanks  are  wire-grounded,  the  grounds  should  be 
thoroughly  checked. 


Report  on  Assignment  9 

Disinfectants,  Deodorants,  Fumigants  and  Cleaners 

R.  S.  Glvnn  (chairman,  subcommittee),  R.  A.  Bardwell,  T.  W.  Brown,  V.  R.  Copp, 
D.  E.  Drake,  C.  E.  Fisher,  T.  I.  Gray,  T.  L.  Hendrix,  H  M.  Hoffmeister,  R.  M. 
Stimmel,  A.  G.  Tompkins. 

DEODORANTS 

This  progress  report  is  presented  in  the  form  of  a  discussion  of  the  subject  and  not 
as  a  technical  treatise,  because  the  art  of  odor  control  has  not  developed  to  the  point 
where  specific  guide  lines  can  be  formulated  for  the  amateur.  When  the  untrained  indi- 
vidual has  exhausted  the  remedies  of  proper  ventilation  and  physical  removal,  cleaning, 
and  disinfection  of  the  odorous  material  and  an  unacceptable  odor  still  persists,  he  must 
then  go  to  the  experienced  odor-control  specialist  or  manufacturer  of  odor-control  chem- 
icals for  help  and  counsel. 

Until  recently,  the  science  of  Osmics,  or  how  man  reacts  to  various  odors,  has  re- 
ceived little  attention  compared  to  our  precise  scientific  knowledge  of  light  and  sound 
and  how  we  see  and  hear.  General  agreement  has  not  even  been  reached  on  exactly  what 
odors  are  or  just  what  is  the  olfactory  process  by  which  their  influences  reach  our  brain 
and  are  identified. 

The  concept  of  odor  control,  like  that  of  odor  itself,  is  subject  to  a  dual  interpreta- 
tion. The  first  refers  to  removal  of  odorous  substances  from  an  environment,  or  their 
chemical  conversion  to  nonodorous  substances.  The  second  interpretation  refers  to  am 
process,  regardless  of  its  degree  of  removal  of  odorants,  which  modifies  the  perception 
of  the  odor  by  individuals.  Odor  control  in  the  sense  of  removal  or  chemical  conversion 
of  odorants  is,  of  course,  a  problem  in  abatement  of  gases  or  vapors;  the  ultimate  goal 
is  the  reduction  of  atmospheric  concentrations  of  such  materials  to  or  below  the  odorant 
threshold  concentration. 

Public  unwillingness  to  live  with  bad  smells — general  or  personal — has  been  height- 
ened (partly  by  advertising)  in  recent  years,  and  management  should  recognize  this  atti- 
tude and  take  steps  to  avoid  odor  nuisances  before  they  become  noticable  and  are  serious 
enough  to  provoke  complaints  or  to  bring  about  legal  action. 

The  human  nose  is  the  most  sensitive  analytical  device  known  to  mankind.  Many 
odors  are  detected  in  concentrations  of  1  to  10  ppm.  Some  of  the  more  noxious  odors 
are  perceptible  at  dilutions  of  1  to  10  ppb.  Some  odors  may  be  pleasant  to  some  people 
and  unpleasant  to  others.  Most  people  object  to  any  odor,  pleasant  or  unpleasant,  over 
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a  period  of  time,  and  this  marks  the  significant  importance  of  the  desirability  of  true 
odor  counteraction. 

Several  theories  have  already  been  offered  to  explain  the  mechanism  of  odor  detec- 
tion, and  many  other  theories  will  undoubtedly  be  forthcoming.  In  order  to  evaluate 
such  theories,  it  will  be  necessary  to  set  up  objective  criteria  which  are  capable  of  ac- 
curate experimental  measurements.  A  brief  survey  of  the  literature  led  Dr.  J.  B.  Sumner, 
Nobel  Prize,  Chemistry  (enzyme  research)  1946,  to  conclude  that  none  of  the  present 
theories  of  odor  perception  are  acceptable,  and  what  is  needed  at  present  is  more  experi- 
mental work  and  less  theorizing.  At  present  the  physiologist  is  taxed  with  his  lack  of 
understanding  of  most  of  the  fundamentals  of  olfaction. 

The  olfactory  area  is  but  a  small  part  of  the  total  nasal  cavity  and  one  of  the  major 
problems  that  confronts  the  physiologist  in  odor  research  is — how  do  the  olfactory  cells 
detect  very  minute  concentrations  of  substances  foreign  to  their  environment  and  how 
do  these  cells  differentiate  one  substance  from  another?  A  solution  of  this  problem  can- 
not be  had  until  it  is  determined  how  many  different  types  of  olfactory  endorgans  are 
involved  in  the  reception  of  odor  and  how  they  differ  in  their  responses  to  a  large  num- 
ber of  odoriferous  materials.  Up  to  the  present  time  no  one  has  been  able  to  study  the 
olfactory  process  of  mammals  because  of  the  difficulty  of  preparing  single  olfactory 
nerves.  These  are  very  short  in  length,  very  small  in  diameter  and  quite  generally 
inaccessible. 

Odorous  materials  come  from  many  sources.  Until  the  advent  of  the  chemist  the 
number  of  odorant  materials  was  limited.  But  modern  organic  synthesis  has  made  avail- 
able a  bewildering  variety  of  odorants.  While  man's  olfactory  apparatus  has  proved  to 
be  surprisingly  capable  of  dealing  with  this  influx  of  new  materials,  there  are  some  diffi- 
culties not  yet  explained.  Why  do  some  compounds,  which  are  so  similar  chemically, 
smell  so  differently  and  vice  versa?  One  approach  to  the  problem  has  been  to  study 
the  physical  and  chemical  properties  of  odorants.  To  be  odorous  at  all,  a  material  must 
satisfy  two  criteria:  (1)  it  must  be  volatile,  (2)  it  must  be  soluble  in  the  tissues  of  the 
nasal  apparatus.  There  are,  however,  exceptions  where  these  two  conditions  are  met 
and  the  material  lacks  smell;  water  and  glycerine  are  examples.  While  the  final  analysis 
of  odors  as  perceived  takes  place  in  some  area  of  the  brain,  it  is  surprising  to  learn  that 
perhaps  less  is  known  of  the  organization  and  function  of  the  human  brain  than  any 
other  part  of  our  anatomy. 

In  the  air  conditioning  field  the  answers  to  many  odor  problems  are  being  anxiously 
awaited  since  the  elimination  of  air  contaminants  will  allow  considerable  economies  to 
be  effected.  It  is  estimated  that  a  40  percent  reduction  in  the  original  cost  and  operation 
of  the  heating  system  can  be  effected,  while  a  20  percent  reduction  in  the  original  cost 
and  operation  of  a  refrigeration  air  conditioning  system  can  lie  effected  by  reducing  to 
a   minimum   the   use   of  outside   ventilating  air. 

At  present,  odor  control  principally  includes:  (!)  elimination  of  odor  by  dispersal, 
(2)   combustion,   (3)   adsorption,   (4)   absorption,  and   (5)   modification  or  counteraction. 

Dispersal 

The  dispersal  of  gases  by  stacks  is  well  described  in  air  pollution  literature.  When 
dispersal  is  used  for  deodorization,  two  factors  are  important:  (1)  odor  intensity  is  pro- 
portional to  the  logrithm  of  odorant  concentration  (Weber-Fechner  Law);  thus,  odor 
intensity  falls  off  more  slowly  with  distance  from  the  stack  than  the  odorant  concen- 
tration does:  (2)  odor  threshold  concentrations  may  be  quite  low  (odors  of  l  to  io 
ppm),  heme  odors  may   persist   for  long  distances  even  from  high  stacks    In  genera), 
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stack    dispersal    should    be    recommended    for    deodorization    only    alter    data    on    odol 
pervasiveness  have   been   obtained;   in   many   cases  the  method   is   unsatisfactory. 

Combustion 

The  complete  oxidation  of  most  odorants  in  air  causes  deodorization  because  the 
final  products  are  odorless  (water,  carbon  dioxide)  or  have  higher  odor  thresholds.  Par- 
tial oxidations,  however,  may  increase  odor.  One  need  only  stand  on  the  down-wind 
side  of  the  average  incinerator  burning  refuse  and  garbage  to  observe  this.  These  odors 
can  be  eliminated  by  better  or  complete  combustion  which  usually  means  redesign  of  the 
incinerator  or  by  use  of  the  odor  counteractants  described  below. 

Equipment  used  for  odor  control  by  combustion  comprises  (a)  direct-fired  air 
heater  and  (b)  devices  for  catalytic  combustion.  In  (a)  the  odorous  air  is  mixed  with 
the  combustion  gases  and  thus  directly  heated  to  or  above  the  kindling  temperature  of 
the  odorants,  usually  1100  to  1500  F.  An  important  advantage  of  direct  firing  is  the 
added  impetus  given  to  gas  dispersal  by  its  temperature  rise. 

The  use  of  the  catalyst  to  aid  combustion  is  embodied  in  a  platinum-alloy  activated- 
alumina  coating  on  porcelain  rods  set  into  a  brick-like  unit  or  a  platinum-alloy  coating 
on  nichrome  wire  arranged  like  a  filter  mat.  Odorous  air  passed  through  such  catalytic 
units  may  be  oxidized  at  temperatures  at  about  500  to  800  F  lower  than  by  uncatalyzed 
incineration.  Other  catalysts  include  copper  chromite  and  various  matallic  oxides.  Major 
deterent  to  the  more  extensive  use  of  catalytic  combustion  for  deodorization  have  in- 
cluded (a)  the  high  fuel  costs,  even  when  oxidation  temperatures  are  reduced  to  about 
500  F;  and  (b)   the  high  cost  of  the  platinum  group  of  metals. 

Adsorption 

Any  gas  or  vapor  will,  to  some  degree,  adhere  to  any  solid  surface  at  ordinary  or 
low  temperature.  This  phenomenon  is  called  adsorption.  This  explains  why  air  condition- 
ing systems  often  become  contaminated  throughout  and  are  themselves  the  source  of 
malodors  that  are  distributed  in  rooms,  passenger  cars  or  buildings.  Only  a  thorough 
cleaning  job  will  remove  this  condition,  and  this  is  usually  an  impossible  task  since  few 
systems  have  been  engineered  to  permit  easy  access  for  cleaning.  This  is  a  case  where 
the  odor  must  be  removed  by  other  means,  discussed  below,  and  under  odor  counter- 
action. 

In  general  a  given  adsorbing  surface  will  retain  a  greater  weight  of  heavy  molecules 
than  light  ones.  Since  the  odorous  vapors  present  in  a  contaminated  atmosphere  are,  with 
very  few  exceptions,  significantly  heavier  than  air,  physical  adsorption  offers  an  attrac- 
tive possibility  for  a  rough  partition  between  odorous  and  nonodorous  vapors,  and  hence 
for  elimination  of  the  former.  The  control  of  atmospheric  odors  by  adsorption  methods 
has,  for  practically  all  purposes,  been  limited  to  the  use  of  activated  carbon. 

Equipment  selection  generally  depends  on  requirements  for  total  capacity,  allowable 
pressure  drop,  and  space.  For  higher  vapor  concentration,  requiring  a  large  adsorbant 
capacity,  thick-bed  adsorbers  may  be  used.  For  many  cases  involving  odor  at  low  vapor 
concentrations,  however,  thin  carbon  beds,  imposing  low  resistance  to  air  flow,  may  be 
used. 

Activated  carbon  is  available  in  a  large  variety  of  forms  from  several  sources.  For 
air  purification  applications,  the  carbon  should  have  a  large  adsorptive  capacity,  fine 
pore  structure,  and  a  particle-sized  distribution  that  facilitates  air  flow  through  the  bed. 
Cocoanut  and  other  nut  shells,  bituminous  coke,  peach  pits,  and  hard  woods  have  all 
been  used  as  source  materials.  Activated  carbon  equipment  will  serve  to  remove  odors 
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until  the  carbon  is  saturated  with  respect  to  any  odorant,  at  which  time  reactivation 
of  the  carbon  is  necessary.  For  thin-bed  adsorbers,  this  usually  involves  removing  tin- 
containers  that  house  the  carbon  and  returning  them  to  the  manufacturer.  The  carbon 
is  then  flushed  with  superheated  steam  at  1000  to  1300  F,  after  which  it  is  ready  for 
service  again.  When  the  vapor  concentration  of  odorants  exceeds  about  2  to  5  ppm  the 
service  life  of  an  activated  carbon  filter  is  greatly  diminished,  necessitating  frequent 
reactivation-,  hence  high  operating  costs.  For  light-duty  applications,  such  as  odor  con- 
trol in  air  conditioned  spaces  for  human  occupancy,  where  very  low  filter  resistance  to 
air  flow  is  often  a  prime  consideration,  activated  carbon  has  been  disposed  on  various 
cellulosic  structures,  giving  a  light-duty  minimal  resistance  throw-away  filter,  ideally 
suited  for  domestic  air  conditioners. 

An  interesting  new  entry  into  the  field  of  adsorbants  has  been  the  series  of  syn- 
thetic zeolites.  These  sorbants  are  available  with  uniform  pore  diameters  which  give  them 
outstanding  properties  of  specificity  in  adsorption.  Unlike  activated  carbon,  however, 
these  zeolites  have  a  high  affinity  for  water,  with  the  result  that  any  odorous  air  stream 
would  have  to  be  predried  before  being  deodorized. 

Absorption 

Where  odorous  vapors  are  soluble  or  emulsifiable  in  a  liquid,  with  or  without  chem- 
ical action,  absorption  methods  may  be  suitable  for  odor  control.  The  decontamination 
of  a  stream  of  odorous  air  by  washing  it  with  a  liquid  depends  for  its  effectiveness  on 
two  processes.  The  first  of  these  is  the  efficient  contacting  of  all  the  air  with  the  liquid 
which  is  used  for  absorbing.  The  second  process  involved  is  the  dispersal  of  the  at- 
mospheric odorants  by  the  washing  liquid,  with  or  without  chemical  reaction,  and  their 
removal  from  the  air  stream.  There  are  several  difficulties  involved  in  attempting  to 
make  the  latter  process  efficient.When  physical  solution  without  chemical  reaction  is  in- 
volved, the  partial  pressure  of  the  odorous  gas  in  the  washing  liquid  begins  to  increase 
as  soon  as  the  decontamination  process  starts  and  builds  up  to  its  maximum  value  when 
the  liquid  becomes  saturated. 

Another  difficulty  lies  in  the  fact  that  many  industrial  odor  nuisances  are  caused  by 
mixtures  of  organic  vapors.  These  are  generally  insoluble  in  aqueous  solutions  and  may, 
therefore,  require  more  expensive  absorbants.  Solution  with  chemical  reaction  likewise 
may  be  difficult  if  a  large  variety  of  substances  is  involved  and  no  single  reaction  suffices 
for  overall  deodorization. 

Modification  or  Counteraction 

A  very  limited  number  of  scientists  have  directed  their  attention  to  the  field  of  odor 
perception  but  around  the  turn  of  the  century.  Hendrick  Zwaardemaker,  a  Flemish 
scientist,  discovered  by  use  of  a  double  olfactometer  that  two  substances,  odorous  singly, 
may  be  inodorous  together.  Various  pairs  of  counteracting  odorous  substances  were 
recorded  by  him  in   1895  and  thus  began  the  art  of  odor  counteraction. 

The  principle  of  odor  counteraction  is  separate  and  distinct  from  the  psychological 
effect  of  odor  masking.  In  odor  masking  strong  odors  tend  to  mask  weaker  ones.  If  the 
two  odors  are  of  about  equal  strength  a  blend  of  the  two  is  observed  and  both  can  be 
identified.  If  one  is  considerably  stronger  than  the  other,  it  alone,  as  a  rule,  is  perceived. 
In  odor  counteraction  certain  pairs  of  odors  in  appropriate  relative  concentrations  are 
antagonistic.  When  the  two  are  sniffed  together  both  odors  are  diminished  This  i^  coun 
terai  tion  or  modification. 
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The  development  of  odor  counteractants  has  been  a  matter  of  trial  and  error  experi- 
ment. There  is  no  widely  accepted  classification  of  odors,  and  as  a  matter  of  fact,  the 
description  of  odors  usually  depends  upon  comparison.  It  should  be  pointed  out  at  this 
time  that  there  is  no  universal  odor  counter  octant.  Odor  counteraction  formulations  are 
designed  for  specific  groups  of  odors,  and  the  formulas  of  most  deodorants  are  not  public 
knowledge.  Most  such  deodorants  are  believed  to  be  composed  of  large  numbers  of  essen- 
tial oils  and  essences  in  trace  quantities  together  with  water  as  the  vehicle.  Special 
varieties  are  designed  for  particular  applications. 

Odor  counteraction  installations  should  be  made  by  a  specialist  who  can  discriminate 
between  odors  and  estimate  the  intensity  of  concentration.  It  is  not  unusual  to  experi- 
ment for  20  or  30  days  with  an  odor  counteractant  to  determine  the  minimum  amount 
necessary  to  lake  care  of  all  variations  of  odor  level  and  to  establish  the  exact  cost  of 
operation.  The  more  intense  a  specific  malodor  may  be  the  more  odor  counteractant  is 
required   for  neutralization. 

An  odor  counteractant  used  in  industrial  work  areas  or  in  an  industrial  stack  for 
control  of  atmospheric  odor  pollution  should  be  nontoxic,  non-allergenic,  non-flammable, 
non-corrosive,  economically  feasible,  and  should  be  effective  both  in  the  laboratory  and 
the  field.  In  spite  of  the  fact  that  all  normal  people  can  perceive  odors  and  many  people 
find  some  odors  agreeable,  odor  counteraction  is  not  a  field  for  the  novice. 

There  is  no  scientific  method  for  the  determination  of  the  effectiveness  of  odor 
counteractants.  Effectiveness  can  be  determined  only  by  actual  odor  perception.  In  the 
last  analysis  this  is  the  criteria  for  the  effectiveness  of  any  odor  abatement. 

Odor  counteraction,  as  does  odor  recognition,  deals  with  molecules  of  odor.  For 
practical  purposes  the  odor  is  always  a  gas  molecularly  dispersed  in  air  in  sufficient  con- 
centration to  be  above  the  threshold  level  of  perception.  For  this  reason  odor  counter- 
actants are  most  effective  when  vaporized  and  combined  with  the  air  stream  by  molecular 
dispersion. 

The  method  of  counteraction  is  one  method  of  choice  for  some  of  the  odor  problems 
on  the  railroads.  The  greatest  area  for  use  of  counteractants  in  the  railroad  industry  is  in 
passenger  cars  where  the  most  people  are  affected.  The  majority  of  odors  in  railroad 
cars  is  created  by  the  passengers  themselves.  This  means  that  cleaning,  disinfecting,  and 
increased  ventilation  usually  cannot  entirely  solve  the  problem.  The  malodors  are  con- 
stantly being  generated  and  must  be  taken  care  of  as  such  without  removing  the  source. 
Recently  there  has  been  developed  a  gel,  containing  effective  counteractants,  for  use 
in  conjunction  with  air  conditioning  systems  in  passenger  cars,  and  is  an  ideal  comple- 
ment to  the  ventilating  and  air  conditioning  systems.  It  is  economical,  costing  approxi- 
mately $50  to  install,  and  operates  for  an  average  of  about  $0.02  per  hr.  The  cartridges 
can  be  replaced  in  5  to  10  min.  The  life  of  the  cartridge  varies  from  600  to  750  hr, 
depending  on  the  requirements  of  the  different  types  of  cars  and  their  service. 

Miscellaneous 

Another  recent  development  is  a  material  (formula  unknown)  which  can  be  sprayed 
on  smoke-damaged  articles  to  remove  the  smoke  odor.  It  is  theorized  that  this  material 
lifts  the  smoke-odor-producing  molecules  from  the  surface  and  sets  them  free  in  the  air, 
because  shortly  after  spraying  the  damaged  material  there  is  noticeable  a  heavy  concen- 
tration of  smoke  odor  in  the  area  which  must  be  dispersed  by  ventilation.  The  treatment 
solution  soon  evaporates  and  leaves  the  smoke-damaged  article  uncontaminated.  This 
service  is  available  from   the  formulator  manufacturer. 

Odor  masking  has  been  defined  above,  and  it  should  be  noted  at  this  point  that 
masking  compounds  should  never  be  used  to  mask  or  cover  up  a  toxic  concentration  ol 
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Has.   Many   odorous  compounds,  such   as   hydrogen   sulfide,   are  highly    toxi<    and   nor 

recognition  of  the  odor  in  sufficient  concentration  may  be  fa t  ll. 

There  is  a  strong  temptation  at  times  to  cover  up  bad  smells  with  "sanitary"  smells. 
Spraying  oil  of  pine  or  oil  of  cedar  about  a  hallway  does  not  render  an  unemptied  gar- 
bage can  sanitary,  but  can  be  condoned  as  one  of  the  harmless  emergency  measures 
which   might   be  occasionally  indicated. 

Practically  every  known  combination  of  chemical  has  been  tried  at  one  time  <>r 
another  in  an  attempt  to  destroy  odor  by  chemical  reaction.  Limitations  are  extremely 
restricted.  The  probability  of  a  reaction  going  sufficient  to  completion  in  low  air  dilu- 
tions is  limited.  Many  of  the  chemical  deodorants  devised  are  irritants,  and  in  some 
cases  such  as  ozone,  with  its  by-products,  is  extremely  toxic.  These  materials  are  effective 
and  safe  to  use  only  under  very  carefully  controlled  conditions  which  are  generally  not 
suitable  for  everyday  living.  Some  chemicals  are  effective  not  only  beam  e  they  combine 
chemically  with  the  malodor  but  because  they  may  irritate  the  olfactorj  region.  Com- 
pounds using   formaldehyde  are  an  example  of  the  latter  type. 

The  fact  that  czonizers  are  useless  for  disinfecting  and  de.  drizing  occupied  rooms 
has  been  disappointing  to  many.  Bacteria  are  more  resistant  than  people  to  ozone.  The 
A.M. A.  Journal  published  an  editorial  stating  that  ozone  "produces  no  reaction  in  the 
human  organism  or  in  the  lower  animals  that  can  be  regarded  as  in  any  degree  beneficial 
either  in  combating  or  in  warding  off  infecticus  diseases.  On  the  contrary,  all  appreciable 
physiological  changes  produced  by  the  inhalation  of  ozone  are  distinctly  of  an  injurious 
or  weakening  character."  Fortunately  most  home  ozonizers  are  too  ineffective  to  cause 
any  serious  harm — only  a  smell  and  an  expense.  It  will  take  many  years  to  root  out 
the  superstitious  belief  that  ozone  is  good  for  people. 

The  oxidizing  power  of  chlorine-producing  substances  can  be  used  to  good  advan- 
tages where  the  odorous  surface  can  be  cleaned  and  washed  with  these  solutions.  The 
quaternary  ammonium  compounds  can  also  be  used  in  this  connection  and  are  quite 
effective  in  eliminating  bacteria  that  produce  odors.  They  have  often  been  used  in  the 
cleaning  and   disinfecting  of   boxcars  and    refrigerators   with    some   success 

In  conclusion,  there  is  nothing  more  effective  than  the  rem  val  of  the  odor  pro- 
ducing material  by  the  proper  use  of  detergents,  disinfectants,  and  proper  ventilation, 
but  where  these  methods  are  impossible  one  of  the  other  methods  of  odor  control 
described  above  should  be  tried. 
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Committee 

G.  W.  Maun,  Jr. 

To  the  American  Railway  Engineering  Association: 

V.  ur  committee  reports  on  the  following  subjects: 

;.   Revision  of  Manual. 

\  complete  review  ha-  been  made  of  Part-  l.  (Terminals) ,  2  (Passenger  Ter- 
minals) and  3  (Freight  Terminals)  of  Chapter  14  of  the  Manual.  The 
changes  recommended  in  these  parts  are  covered  by  the  reports  prepared 
under  Subassignments  1  (a),  1  (b)  and  1  (c).  Recommended  revisions  in 
Rail-Truck  Loading  and  Unloading  Facilities  are  covered  in  the  report  pre- 
pared under  Assignment  6,  and  in  Part  5  (Scales)  in  the  report  prepared 
under   Assignment   3    pagi 

2    Classification  yards,  collaborating  with  Committee  16. 

Progress  report  on  Length  of  Freight  Cars  as  Basis  for  Track  Capacity, 
submitted   a-   information    page  26A 

3.  Scales  used  in   railwaj    service,  collaborating  with   Electrical  Section,  AAR. 

Report    covering    recommended   changes   to   Part    5    (Scales)    hi    Chapter    11   of 

the   Manual    page  273 

4.  Specialized  construction  required  in  retardei  j 

Final   report,  presented  a-  information    page  276 
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5.  Simplification  in  yard  and  terminal  design,  and  resulting  economy,  following 
complete  dieselization,  collaborating  with  Committees  5,  6  and  13. 

Final  report,  presented  as  information    page  278 

6.  Facilities  for  loading  and  unloading  rail-truck  freight  equipment. 

Report  covering  recommended  revisions  in  Rail-Truck  Loading  and  Unload- 
in    Facilities.   Part   3,  Chapter   14,  of  the  Manual    page  279 

7.  Water  front  terminals. 

Progress  report  on  General  Cargo  Piers  and  Wharves,  presented  as  informa- 
tion       page  280 

8.  Present  trends  in  yard  maintenance. 

Progress  report,  submitted  as  information    page  28.^ 

The  Committee  on  Yakus  and  Terminals, 

A.  S.  Krefting,  Chairman. 

AREA  Bulletin  560,  November  1960. 

Report  on  Assignment   1    (a) 
Revision  of  Manual   (Part  1 — Terminals) 

L.  F.  Pohl  (chairman,  subcommittee),  M.  H.  Aldrich,  F.  E.  Austerman,  A.  E.  Biermann, 
E.  G.  Brisbin,  G.  H.  Chabot,  A.  S.  Krefting,  C.  J.  Morris. 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  Parts  1  and  2  of  Chapter  14  of  the  Manual: 

Page   14-1-1   and   14-1-2 

TERMINALS 

Reapprove  without  change. 

Pages   14-2-1   to   14-2-19,  incl. 

PASSENGER  TERMINALS 

Reapprove  with  the  follownig  revisions: 
Page  14-2-2 

Under  Par.  (i)  delete  items  5  and  6  and  redesignate  present  items  7  and  8  as  items 
5  and  6. 

Under  item  6  as  renumbered,  add  new  item   (e)    reading  as  follows: 
(e)  Automobile  parking. 
Page  14-2-.1 

Delete  last  sentence  of  Par.  (c). 

Combine  Par.  (e)  with  Par.  (d)  as  Par.  (d). 

Redesignate  Par.  (f)   to  Par.  (j),  incl.  as  (e)  to  (i),  incl. 

Under  Sec.  C.  STREET  APPROACHES,  delete  Par.  (a),  including  the  first  three 
lines  on  page  14-2-4  and  substitute  the  following  as  Par.   (a) : 

(a)  Street  approaches  should  receive  particular  attention  in  the  overall  planning 
to  provide  convenient  access  and  sufficient  capacity  but  by-passing  areas  of  traffic  con- 
gestion. Separate  routes  should  be  provided  so  that  pedestrian  traffic  and  vehicular  traffic 
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ran  be  safely  and  expeditiously  handled.  Ample  accommodation  for  vehicles  handling 
mail,  baggage  and  express  should  be  provided  in  a  manner  thai  will  not  impede  the  free 
movement    of   public    transportation    vehicles,   private    conveyances,  and   pedestrian   traffic. 

Page  14-2-4 

Revise  Par.  (b)  to  read  as  follows: 

(b)  The  desirability   of   providing  subways   for   pedestrians   to   reach   the  opposite 

sidewalks  of  adjoining  streets  without  crossing  at  grade  should  be  considered.  Subsequent 
installation  of  service  facilities  may  make  it  impractical  to  provide  such  passageways  in 
the  future. 

Combine  Par.  (c)  and  Par.  (d)  and  revise  to  make  new  Par.  (c),  reading  as  follows: 

(c)  Ample  provision  should  be  made  for  convenient  access  to  public  transportation 
services  and  taxicab  service  within  or  adjacent  to  the  station.  It  is  essential  that  taxi- 
cabs  be  able  to  promptly  reach  an  unloading  point,  move  freely  to  a  holding  area,  and 
to  reach  a  loading  point  for  passengers  leaving  the  station  without  interference  to  other 
vehicular  traffic. 

Under   Art.   1.   General:    In   the  first  line  delete  designation   (a)    and  substitute  the 
word  "includes"  for  the  words  "is  assumed  to  include." 
In  the  third  line  delete  the  words  "have  to." 

Revise  Par.  1  to  read  as  follows: 

1.  The  main  building,  which  includes  all  of  the  facilities  directly  needed  for  the  com- 
fort and  convenience  of  passengers  prior  to  their  departure  or  subsequent  to  their  arrival 
on  trains. 

In  Par.  2  insert  period  after  word  "concourses"  and  delete  the  remainder  of  the 
sentence. 

In  Par.  3  line  2,  insert  a  comma  after  the  word  "trains"  and  delete  the  words  "on 
the  station  tracks,";  in  the  fourth  line  insert  a  period  after  the  word  "platforms"  and 
delete  the  remainder  of  the  sentence. 

In  Par.  4  line  2,  insert  a  period  after  the  word  "mail"  and  delete  the  remainder  of 
the  sentence. 

Under  Art.  2.  Main  Building  Areas:  Substitute  the  word  "powder"  for  the  word 
"waiting"  in  the  second  line  of  Par.  (a). 

Page  14-2-5 

In    Art.    2.    Par.    (d),    insert    the    Words   "and    a    publi<    announcing    system"   alter    the 

word    "board";    insert    a    period    alter   the   word    "provided"  and   delete    the    remainder   of 

the  sentence. 

In  Art  2,  Par.  (f),  third  line,  substitute  the  word  "maximum"  for  the  word  "max- 
imal." 

Page  14-2-6 

At   the   top  oi    the  pane   revise  Art.  4,  Par.   (to)    to   read   a-   follows: 

(In   Windows,  counters,  and  automatic  ticket  machines  may  he  provided  along  the 

passenger   Concourse    for   the   sale  of   local   ticket- 
Rev  Ise   Art.  5  to  read  as  follow- 
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5.   Baggage  Rooms  and  Parcel  Checking  Lockers 

The  baggage  check  rooms  should  be  easily  accessible  to  inbound  and  outbound  pas- 
sengers and  where  the  amount  of  business  justifies,  separate  counters  should  be  provided 
for  receiving  and  delivering  baggage.  Self-service  checking  lockers  should  be  installed  at 
convenient  locations. 

Revise  Art.  9  to  read  as  follows: 
9.   Facilities  for  Private  Vehicles 

Adequate  parking  space  convenient  to  the  station  for  railroad  patrons  is  desirable. 
In  some  places,  pay-parking  facilities  for  private  automobiles  have  been  provided   for 
the  accommodation  of  patrons.  See  AREA  Proceedings,  Vol.  60,  IPSO,  page  2°4. 
Page  14-2-7 

Under  Art.  10,  Station  Platforms,  revise  the  first  paragraph  at  the  top  of  the  page, 
to  read  as  follows: 

(a)  In  planning  a  passenger  terminal  it  is  important  to  devise  a  coordinated  arrange- 
ment between  the  track  layout  and  the  station  proper  which  will,  at  reasonable  cost, 
provide  maximum  convenience,  expedition,  and  economy  in  rendering  all  the  platform 
services. 

Under   (b)   revise  item  1   to  read  as  follows: 

1.  For  a  through  station,  with  track  level  below  or  above  the  station  floor  level 
(preferably  the  latter),  combined  platforms  should  be  installed,  sufficient  in  length  to 
permit  berthing  the  passenger  carrying  cars  in  the  center  zone  leaving  the  end  zones 
clear  for  trucking.  Passengers  would  reach  or  leave  the  platforms  via  ramps  or  fixed  or 
moving  stairways  at  the  middle  of  the  platforms;  and  trucks  would  reach  or  leave  the 
platforms  by  elevators  or  ramps,  at  or  near  the  ends  connected  with  subway  runways 
and  assembly  areas.  If  platforms  cannot  be  built  to  such  length  or  if  two  trains  are 
regularly  berthed  on  the  sine  track  simultaneously,  interference  between  passengers  and 
trucking  will  result  and  the  installation  of  separate  platforms  may  be  justified. 

At  the  end  of  the  last  line  of  the  page  delete  the  words  "it  may  require." 

Page  14-2-8 

In  the  first  line  at  the  top  of  the  page  insert  the  words  ''may  be  required"  after 
the  word  "advantage." 

Page  14  2-o 

In  Art.  12,  Par.  (I>),  substitute  the  number  7  for  the  number  10  before  the  word 
"percent";  add  a  sentence  reading  as  follows:  "The  ramp  surface  should  be  finished 
with   an  abrasive  or  nonskid  material." 

In  Art.  13,  Par.  (b),  add  a  sentence  reading  as  follows:  "The  ramp  surface  should 
be  finished  with  an  abrasive  or  non-skid  material." 

In  Art.  13,  Par.  (d),  substitute  the  number  11  for  the  number  10  at  the  end  of  the 
second  line. 

In  Art.  14,  delete  Par.  (c). 

Page  14-2-10 

At  the  top  of  the  page  redesignate  Pars,   (d)   and   (e)   as   (c)   and   (d). 

Under  Art.  IS,  Par.   (b),  item  2,  insert  the  words  "or  ends"  after  the  word  "sides." 
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Curler  Art.  16,  redesignate  Par.  (b)  as  Par.  (a);  delete  the  words  "outside  com 
petition"  in  the  third  line;  redesignate  Par.  (a)  as  Par.  (b)  and  place  in  proper  sequence; 
revise  Par.  (Id  as  redesignated  to  read  as  follows: 

(b)  A  table  showing  the  relations  which  should  exist  between  business  handled  and 
the  size  of  through  passenger  facilities  is  shown  in  the  AREA  Proceedings,  Vol.  24,  1923, 
page  930.  A  series  of  tables  and  diagrams  showing  size  or  number  of  facilities  required 
for  varying  proportions  of  mixed  through  and  commuter  service  is  shown  in  the  Pro- 
ceedings, Vol.  -'4,   1923.  pages  862,  869-926,  and  Vol.  26,   1925,  pages  728-770. 

Delete  Art.  17.  Time-Space-Speed  Studies  (including  portion  on  page  14-2-12),  and 
substitute  the  following: 

17.  Time-Space-Speed  Studies 

See   AREA   Proceedings,   Vol.   37,    1936,   pages   317  3 is. 

Page  14-2-13 

Under  Art. 19.  Communication  Facilities,  first  line,  insert  a  comma  after  the  word 
"tubes";  delete  the  word  "and";  add  the  words  "and  other  electronic  devices"  after  the 
comma  following  the  word  "systems"  in  the  second  line;  Add  a  sentence  reading  as 
follows:  "A  public  address  system  should  be  provided  for  announcing  train  information." 

Add  new  Art.  22  reading  as  follows: 
22.  Facilities  for  Handling  Mail 

In  large  terminals  where  a  large  quantity  of  U.  S.  storage  mail  is  handled,  belt  con- 
veyors shculd  be  installed  to  move  the  bags  of  inbound  mail  from  the  cars  to  a  primary 
sorting  platform  if  not  directly  to  the  post  office.  From  a  primary  sorting  platform  belt 
conveyors  can  be  used  to  move  the  mail  to  secondary  sorting  platforms.  Electro- 
mechanical sorting  systems  have  been  installed  in  metropolitan  area  stations  to  handle 
the  large  number  of  separations  from  a  primary  sorting  platform. 

To  expedite  the  handling  of  mail  an  ideal  arrangement  is  to  locate  the  Post  Office 
Department  building  adjacent  to  the  railroad  station  or  on  air  rights  over  railroad  ter- 
minal property.  Belt  conveyors  can  be  used  to  move  the  mail  sacks  and  parcels  between 
the  post  office  building  and  the  station  building. 

Page  14-2-14 

Under  Par.  (b)  at  the  top  of  the  page  insert  a  period  after  the  word  "consideration" 
in  the  fourth  line  and  delete  the  remainder  of  the  sentence. 

Under  Art.  2.  Layout  and  Details,  Par.  (d),  spell  out  the  numeral  one  preceeding 
the  word  "track." 

Page  1 4-2-1 S 

Under  Sec.  F.  MODERNIZATION,  delete  Pars,  (a)  to  (e),  incl. 

Page  14-2-19 

Delete  Pars,  (f),  (i),  and  (n);  redesignate  Pars,  (g),  (h),  (j)  to  (m),  incl.,  and  (o) 
io  (r),  im  I  .  a-  Pai  -    (a)   to  <  j  i,  incl. 

In  Par.  (b)  as  redesignated,  substitute  the  word  "powder"  Foi  the  word  "retiring" 
in  the  second  liii<- 

In  Par,  (hi  i-  redesignated,  delete  the  words  "modern  heating"  and  substitute  the 
words  "air  conditioning  (heating  and  cooling)." 
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Report  on  Assignment   1    (b) 

Revision  of  Manual  (Part  3 — Freight  Terminals, 
Sees.  A  Through  D) 

F.  A.  Hess  (chairman,  subcommittee),  F.  E.  Austerman,  R.  F.  Beck,  H.  R.  Beckmann, 
A.  V.  Dasburg,  H.  C.  Forman,  W.  H.  Giles,  A.  S.  Krefting,  R.  E.  Robinson,  Jack 
Sutton. 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  those  sections  of  Part  3,  Freight  Terminals,  up  to  Sec.  E.  LCL  Freight  Facilities, 
of  Chapter  14  of  the  Manual,  pages  14-3-1  to  14-3-12.1,  incl. 

FREIGHT  TERMINALS  (Sees.  A,  B,  C,  and  D) 

Re.rpprove  with  the  following  revisions: 
Page  14-3-1 

A.  GENERAL 
In  Par.   1,  line  2,  insert  the  words  "or  acting  jointly"  after  the  word  "common." 
In  Par.  3,  between  lines  5  and  6  insert  the  words  "facilities  for  handling  rail-truck 
freight  equipment;  waterfront  facilities;". 

Page  14-3-2 

At  the  end  of  Par.  1  add  the  following  sentence:  "Increasing  costs  require  that  older 
freight  terminals  should  be  studied  carefully  for  improvements  to  reduce  operating  and 
maintenance  costs." 

B.  YARDS 

Under  Art.  "1.  General,  delete  Pars.  10  and  11  and  add  the  following  two  sentences 
as  separate  paragraphs: 

Communication  facilities  such  as  teletype,  pneumatic  tube  systems,  loud  speakers, 
piging  systems,  television,  telephones  and  radios  should  all  be  considered  to  expedite 
operations. 

The  AREA  Proceedings  should  be  consulted  for  detailed   information. 

Page  14-3-3 

Revise  Par.  2  to  read  as  follows:  "In  order  to  keep  the  distance  to  clearance  to  a 
minimum,  the  angle  between  a  ladder  track  and  the  body  tracks  should  be  as  large  as 
possible." 

Under  Art.  3.  Receiving,  Classification,  Departure  and  Repair,  subheading  "Receiv- 
ing", add  the  following  sentence  to  Par.  2:  "It  is  desirable  in  some  yards  to  have  a  few 
short  receiving  tracks  located  on  the  side  of  the  yard  near  the  running  track." 

Under  Art.  3.  Receiving,  Classification,  Departure  and  Repair,  subheading  "Classifi- 
cation", add  the  following  sentence  to  Par.  1:  "The  decision  should  be  based  on 
a  thorough  traffic  analysis  and  economic  study." 

Page  14-3-4 

Under   heading  "Departure"   revise   Par.  4   to   read   as  follows: 

The   gradient    of   departure    tracks   should   be   level,   if   possible.   If   adverse   to    the 

forward  movement  of  a  train,  it  should  be  at  least  20  percent  less  than  the  ruling  gradient 

h.  be  encountered  by  that  train  during  its  road  trip. 

Under  heading  "Departure",  after  Par.  5,  add  the  following  paragraph: 
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Consideration  to  be  given  to  the  installation  of  shove  indicators  located  at  clearance 
point  of  each  departure  track. 

Under  heading  "Repair",  add  the  following  two  sentences  to  Par.  4:  "The  elevation 
oi  the  driveway  is  usually  the  same  as  the  top  of  rail.  Crossings  should  be  spaced  at 
approximately  8-car  intervals." 

After  Par.  4  add  the  following  paragraph: 

Consideration  should  be  gives  to  the  "one  spot"  repair  yard,  where  cars  are  moved 
by  mechanical  means  to  the  repair  building,  one  at  a  time,  repaired  and  moved.  This 
system   is  adaptable   to   one   or   more   tracks. 

Pages   14-3-4  and    14-3-5 

Revise  Sec.  C.  Miscellaneous  Tracks  to  read  as  follows: 

C.  MISCELLANEOUS  TRACKS 

All  miscellaneous  tracks  should  be  located  so  that  the  use  of  them  will  cause  mini- 
mum interference  with  other  operations  in  the  yard,  particularly  road  trains  entering 
and  leaving  the  yard. 

Caboose  tracks  should  be  double  ended  and  located  so  as  to  permit  easy  access  to 
departure  tracks.  In  hump  yards  they  should  be  adjacent  to  the  pull-out  lead  tracks  or 
classification  tracks. 

Switching  leads  should  generally  be  designed  to  give  the  enginemen  working  on  them 
a  clear  view  of  switchmen  passing  signals  along  the  ladder  track.  This  may  not  be  neces- 
sary where  yard  crews  are  equipped  with  engine-to-ground  radio  communication.  Mul- 
tiple parallel  le:ds  with  well  placed  crossovers  should  be  provided  where  traffic  is  heavy. 

Icing  facilities,  stock  pens,  LCL  transfer,  rail-truck  handling  and  other  allied  facili- 
ties should  be  located  so  that  cars  may  be  placed  with  minimum  delay  after  arrival  and 
be  readily  accessible  for  switching  or  placement  in  outbound  trains. 

Advance  tracks  somewhat  longer  than  the  maximum  train  length,  or  freight  main 
tracks  extending  to  or  beyond  the  outside  of  the  yard,  in  either  or  both  directions,  should 
be  provided  as  required. 

Thoroughfare  tracks  should  provide  access  to  all  parts  of  the  yard  and  between  the 
locomotive  terminal  and  the  yard. 

Scale  tracks  should  be  so  located  that  weigh  cars  can  be  weighed  with  minimum  de- 
lay to  yard  operation. 

Storage  tracks  nny  be  required,  particularly  in  hump  yards  where  a  large  number 
of  empty  cars  are  held  for  supplying  local  industry  and  on-line  requirements  which  may 
restrict  operation  of  yard. 

Tracks  may  be  provided  in  hump  yards  for  by-passing  the  hump  with  certain  cars, 
or  to  provide  an  "escape"  route  from  the  retarder  area  to  the  receiving  yard  for  hump 
engines. 

Hokl  tracks  may   be  required 

Page   14-3-6 

Delete  Art.  2.  With  Car  Riders. 

Under  Art.  3.  With  Retarders — General,  In  Par.  6,  third  line,  alter  the  word  "but- 
tons"  insert    the   words   "or  programmed  switching." 

In  Par.  6,  tilth  line  after  the  word  "speeds",  remove  period  and  add  "or  through 
automatic  i  ont  rol  fi  om  i  omputei  -  " 

Delete  the  lt>t  four  paragraphs  and  insert  in  place  thereof  the  following  two 
paragraphs: 


262 Yards    a  n  d    Terminals 

For  a  completely  automatic  retarder  classification  yard,  certain  measuring  sections 
with  uniform  grades  are  required  in  order  to  determine  car-rolling  characteristics  on 
both  tangent  and  curved  track. 

Other  desirable  appurtenant  facilities  include  intercommunication  and  paging  systems 
throughout  the  classification  yard  area;  telephone,  teletype  and  pneumatic  tube  systems 
between  strategic  points,  including  the  general  yard  office,  the  hump  office  and  retarder 
operator  towers,  to  facilitate  handling  of  waybills,  inspection  lists,  switch  lists,  etc.  In 
addition,  a  multple-channel  radio-telephone  communication  system  connecting  the  various 
offices  with  hump  engines  is  commonplace.  Adequate  yard  lighting  is  particularly  neces- 
sary in  the  retarder  area,  supplemented  as  required  with  spotlighting  for  freight  car 
identification.  Journal  oiling  facilities  and  inspection  pits,  when  installed,  should  be  lo- 
cated on  the  approach  side  of  the  hump,  sufficiently  in  advance  of  the  crest,  to  be  in 
the  clear  of  the  pin-pulling  operation. 

Page  14-3-7 

Delete  lines  1  through  S  at  top  of  page. 

Page  14-3-8 

Under  d.  Design:  Change  first  sentence  of  Par.  2  to  read  as  follows:  "The  track 
on  the  approach  side  of  hump  crest  should  have  adequate  plus  grade  of  sufficient  length 
to  assure  easy  separation  of  single  or  multiple  cuts." 

Add  to  Par.  3  the  following  sentence:  "Cars  with  inner  axle  centers  greater  than 
65  ft  require  longer  track  circuits  or  special  handling." 

Page  14-3-10 

Insert  the  following  note  after  line  2:  "Note:  The  majority  of  existing  retarder 
yards  handling  mixed  traffic  have  been  designed  for  cars  having  a  maximum  gross 
weight  of  100  tons  on  4  axles  with  33-in-diameter  wheels.  Cars  of  heavier  gross  weights 
and  having  wheels  of  larger  diameter  should  be  taken  into  consideration  in  providing 
adequate  retardation  if  they  are  likely  to  appear  in  large  numbers  at  any  yard." 


Report  on  Assignment   1    (c) 

Revision  of  Manual    (Part   3 — Freight  Terminals, 
Sees.  E  Through  I) 

B.  G.  Packard  (chairman,  subcommittee),  F.  E.  Austerman,  J.  E.  Hoving,  A.  S.  Kreft- 
ing,  B.  Laubenfels,  Glen  Lichtenwalner,  H.  J.  McNally,  R.  H.  Peak,  Jr. 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  Sees.  E,  F,  G,  H  and  I  of  Part  3— Freight  Terminals,  page  14-3-12.2  to  14-3-17  of 
Chapter  14  of  the  Manual. 

FREIGHT    TERMINALS    (Sees.   E.   F,   G,   H,  and    I) 

Reapprove  with  the  following  revisions: 
Page  14-3-12.2 

E.  LCL  FREIGHT  FACILITY 
In   Art.    1    (a;    delete    the   word   "and"    preceding    (7),   changing   the   period    after 
"citv"  to  a  comma  and  add  the  following:   "and   (8)    relative  land  values." 
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Page   14-3-12.4 

Delete  Art  8,  Warehouses 

Pagi    14  3   12.5 


F.  TEAM  YARDS  AND  DRIYEWAYS 
In  Art.   2    (f)    eliminate  "1030"  and  substitute  therefor  "1028". 

Page  14-^-12.6 

G.  PRODUCE  TERMINALS 

In  Art.  1  (a)  eliminate  the  word  "delivery"  and  substitute  therefor  "distribution"; 
also  delete  the  word  "live",  changing  the  period  at  the  end  to  a  comma  and  add  the 
following:  "meat  and  meat  products,  frozen  foods,  fish  and  sea  foods  and  dry  groceries." 

Page  14-3-13 

In  Art.  2  (b)  item  5.  pluralize  both  words.  Eliminate  item  S  and  renumber  follow- 
ing items  0  to  17  as  8  to  16,  and  add  as  follows: 

"17.  Separate  buildings  for  individual  large  firms." 
"is.  Adequate  parking  areas." 

Page  14-3-14 

In  Art.  5  (a),  change  "45"  to  "60". 

In  Art.  5  (b)  eliminate  the  words  "80  ft"  and  substitute  therefor  "110  ft  to  150 
ft  with  the  latter  dimension  to  be  used  if  parking  is  allowed  in  the  center  of  the  drive- 
way. Driveways  at  ends  of  buildings  should  be  not  less  than  60  ft  in  width." 

In  Art.  6,  delete  Par.  (a),  redesignating  the  remaining  three  paragraphs  as  (a),  (b) 
and   (c).  Change  redesignated  Par.   (a)   to  read  as  follows: 

"(a)  "Platforms  used  for  inspection  or  jointly  for  inspection  and  handling  of 
produce  should  be  not  less  than  12  ft  in  width,  3  ft  5  in  above  top  of  rail  when  the 
center  line  of  tangent  track  is  5  ft  0  in  from  the  platform,  or  4  ft  7  in  above  top  of 
rail  when  the  center  line  of  tangent  track  is  8  ft  0  in  from  the  platform.  Platforms 
should  be  covered,  and  light  and  water  should  be  provided.  Roof  supports  should  be 
located  to  minimize  interference  with  handling  crates.  Space  for  crate  storage  and  re- 
pairs is  usually  required." 

In  redesignated  Par.  (b).  eliminate  4  ft  and  substitute  therefor  4  ft  4  in. 

In  Art.  8,  insert  between  present  sentences  1  and  2  the  following  sentence:  "Clean- 
ing of  cars  may  be  accomplished  on  a  one-spot  basis  with  mechanized  devices." 

H.  GRAIN  ELEYATOR  STORAGE  YARDS  AND  PLANT  TRACKS 

Page  14-3-16 

In  Art.  5,  add  a  new  Par.  (e)  as  follows: 

"(e)   Facilities  for  inspection  of  cars  and  lading  should  be  provided  " 
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Report   on   Assignment   2 

Classification  Yards 
Collaborating  with   Committee    16 

G.  H.  Chabot   (chairman,  subcommittee),  M.  H.  Aldrich,  K.  O.  Balsters,  E.  (1.  Brisbin, 
J.  F.  Chandler,  B.  E.  Grumpier,  A.  V.  Dasburg,  C.  W.  Hamilton,  A.  S.  Krefting, 

B.  Laubenfels,  Glen  Lichtenwalner,  S    N.  Maclsaac,  G.  W.  Mahn,  Jr.,  L.  W.  Robin- 
son, R.  E.  Robinson,  L.  R.  Shellenbarger,  R.  A.  Skooglun,  Jack  Sutton,  J.  J.  Tibbits. 

Length  of  Freight  Cars  as  Basis  for  Track  Capacity 

Your  committee  submits  this  report  as  information  to  assist  in  determining  the 
freight  car  capacity  of  tracks.  In  a  similar  report  presented  in  1Q4°  (Proceedings,  Vol. 
50,  pages  213  to  215,  incl.)  the  weighted  average  for  all  types  of  cars  was  43  ft  0  fa  in; 
the  trend  in  recent  years  has  been  toward  the  fabrication  of  longer  freight  cars,  as  shown 
in  Table  I.  Other  tables  have  been  developed  from  car  data  of  S2  railroads  having  at 
least  10,000  cars  in  service  and  of  11  private  car  companies  of  1,500  cars  or  more. 

All  the  tables  submitted  indicate  the  maximum,  minimum  and  equated  coupled  car 
lengths  of  each  group  considered;  however  the  quantity  of  cars  checked  on  each  rail- 
road or  private  car  company  does  not  constitute  their  total  car  ownership.  For  instance, 
certain  types  of  cars  such  as  ballast,  dump,  ore  and  others,  usually  consigned  to  special 
work  or  limited  to  a  particular  area  on  one  road,  have  not  been  incorporated  in  this 
analysis  in  order  to  arrive  at  a  more  realistic  equated  length. 

The  resulting  equated  length  of  Table  II  is  somewhat  distorted  because,  on  11  of  the 
roads  examined  and  listed  in  Table  V,  the  hopper  cars  amount  to  46.3  percent  of  then- 
total  cars,  whereas  the  percentage  of  these  cars  on  the  other  21  roads  is  only  12.6  per- 
cent. Since  the  11  roads  use  most  of  their  hopper  cars  on  their  own  lines,  the  lower 
ratio  for  hopper  cars  was  applied  to  these  roads  in  developing  Table  VI.  Piggy-back, 
including  Flexi-Van,  cars  which  are  not  common  to  all  roads  or  are  handled  separately 
have  also  been  excluded  from  Table  VI. 

The  results  of  this  study  are  summarized  as  follows: 

Overall  Equated  Length:   all  cars   (1,660,046)    44  ft  Qx4  in 

Revised    Equated    Length:     Hoppers    adjusted    and    piggy-back    excluded 

(1,412,639)     45  ft  S  <  ,  in 

Longest  Car  Tabulated:    124  ft  3  in 

Shortest  Car  Tabulated:    24  ft  0  in 


TABLE  I.        TREND:    FREIGHT 

GAR    LENGTHS 

Equated   Length 

In  Service 

10  Year 

Built    in 

TYPE  OF   CARS 

194-9 

1959 

Increase 

1959   &  i960 

Ft      In 

Ft      In 

Ft      In 

Ft      In 

Automobile 

1+6      1-1/2 

50     6-1/1+ 

k    k-3/k 

Nil 

3ox 

%     9-1/8 
$     2-1/1+ 

kS     7-lA 

10-1/8 

50      2-1/2 

Flat 

51    J+-1/2 

5    2-1/1+ 
k    3-5/8 

5k    1-3/1+ 

Gondola 

1+7     7-3/8     51  11 

5k  11-1/8 
1+2     0-5/8 

Hopper 

38     1-1/2 
k3  10-3/8 

38     8-7/8 
US     3-lA 

7-3/8 

Refrigerator 

1     I+-7/8 

50  10-1/1+ 

Stock 

k3     0-1/2 

k3     2-5/8 

2-1/2 

Nil 

Tank 

38     7 

39  10-1/2 

1     3-1/2 

Not   available 
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TABLE  II, 


EQUATED   CAR   LENGTH  BY   REGION 


REGION 

R   R 

No.    of 
Cars 

:ar 

LENGTH 

Maximum 
Ft        In 

Minimum 
Ft        In 

Equated 
Ft         In 

NORTH   EA STERN 
&  GREAT   LAKES 

DL&W 

Erie 

NYC 

P&LE 

NYCc":StL 

Wabash 

11,51*1 
19,961* 

109,351 
25,355 

27,2al 
16, 066 

70 
88 
83 
83 
70 
70 

1 
5 
3 

3 

4-3/4 

% 
1 

5 

6 
5 
5 
5 
6 

43 

11 

48 

45 

46 

5-1/2 

0-3A 

9-5/8 
2-7/8 
9-1/8 

Summary  N-S'rn  & 

Gt    Lakes 

209,518 

68 

5 

31* 

5 

45 

11-1/2 

CENTRAL   EASTERN 

B&O 

EJ&E 

PRR 

Reading 

WM 

80,866 
11,198 
163,056 
28,125 
ll*,713 

71 

70 

124 
70 
88 

1 
3 
3 
3 
2 

32 

34 
32 
34 
34 

8 

9-5/8 

6 

5 

9 

41+ 

1+8 
47 

U* 

42 

11-1/2 
8-3/8 
5-1/2 
0-5/8 
3-3/8 

Summary   Central 

Eastern 

297,958 

124 

3 

32 

6 

46 

3 

POCAHONTAS 

C&O 

mm 

94,41+4 
78,588 

88 
67 

2 

9 

34 

31 

3 
0 

1+2 
37 

6-3/4 
6-5/8 

Summary   Pocahont 

as 

173,032 

88 

2 

31 

0 

40 

3-3/8 

SOUTHERN 

ACL 
GM&O 
IC 
l&N 

SAL 

Southern 

28,792 
13,982 
50,305 
59,373 
27,900 
54,1*20 

60 
69 
69 
70 

% 

10 

10 
10 

4-3/4 

1* 
9 

32 

3£ 

36 

33 
33 
37 

6 
6 

5 
2 
8 
9 

IS 

¥ 

45 

10 -1/4 
4     , 
7-3/8 
1-1/8 
0-3/1* 
5-5/8 

Summary  Southern 

2  3!*,  772 

74 

9 

32 

6 

43 

10-3/8 

NORTH  WESTERN 

CNW 

GN 

MStP&SSM 

NP 

36,k9k 
1*0,  k89 
li+,098 
34,282 

69 
88 
88 
88 

6 
2 
2 

2 

2k 
24 

0 
0 
0 
0 

45 

3-1/8 
6-1/1* 

Summary   North  We 

stern 

125,963 

88 

2 

24 

0 

43 

9-5/8 

CENTRAL  WESTERN 

ATesSF 

C3&U 

D&RGW 

SP 

UP 

86,222 
1*4,786 
11,401 
81,795 
52,681 

9$ 
75 
88 

88 
88 

10-1/2 

4 
2 
2 

2 

35 
30 

34 

6 
6 
6 

6 

? 

47 

1+4 
48 

46 

45 

11-3A 

4 

7-3/4 
10 

Summary   Central 

,Ve  stern 

276,885 

95 

10-1/2 

30 

6 

1+6 

6 

SOUTH  WESTERN 

MP 

SL&SF 

1*5,522 
22,201 

70 
70 

5 
1 

33 
33 

11 
11 

46 

4+ 

0-7/8 
5-3/4 

Summary   South  'He 

stern 

67,723 

70 

5 

33 

11 

45 

6-3/1* 

CANADA 

CNR 
CPR 

101,070 
79,361 

78 
70 

3 
6 

27 
35 

11 

2 

I4-5 

45 

1-5/8 
4-1/8 

Summary    Canada 

180,1*31 

78 

3 

27 

11 

US 

2-5/6 

PRIVATE  CAR   COMPANIES 

102,764 

88 

2 

31 

6 

1*2 

11-3/8 

SUMMARY  ALL  CARS 

1,669,045 

124 

3 

24 

0 

1*1* 

9-1/1+ 

Yards    and    Terminals 


TABLE  III, 


EQUATED  CAR   LENGTH  3Y  TYPE  OF   CAR   FOR 
EACH  RAILROAD  AND   PRIVATE  CAR   COMPANY 


Fart   1   of  6 


AUTOMOBILE  CAR 

BOX   CARS 

RR 

No . 

Car 

Length 

No . 

of 

Cars 

Car 

Length 

of 
Cars 

Maximum 

Kin 

imum 

Equated 

Maximum 

Minimum 

Equated 

Ft 

In 

Ft 

In 

Ft      In 

Ft 

In 

Ft 

In 

Ft      In 

DL&W 

11 

44 

8 

44 

8 

51  2-1/2 

6116 

54 

4 

40 

7 

44  8-5/8 

Erie 

I4.OO 

54 

9 

E 

|+ 

11222 

% 

9 

44 

3 

45  106/8 

1-3YG 

7454 

54 

5 

kk 

4 

51      2 

49016 

54 

7 

43 

1 

46     3 

P&LE 

0 

6313 

54 

4 

w 

3 

44  5-3/8 

NYC&StL 

280 

54 

9 

44 

9 

46  0-1/4 

7417 

54 

0 

w 

3    , 

45  4-1/8 

Wabash 

3050 
26Hl 

54 

6-1/G 

44  If-- 

50    11 

54 

h 

44 

2-5/8 

B&O 

55 

1+ 

;,r 

4 

5]     9 

24393 

55 

G 

4o 

7 

46     2 

SJ&E 

0 

1320 

44 

8 

44 

,_; 

^    -:  , 

PRR 

!l126 

54 

c 

44 

2 

51  6-3/8 

64627 

74 

9 

44 

2 

45  ]0-3/C 

Reading 

60 

53 

2-1/2 

4-3 

2-1/4 

52  7-3/8 

6872 

55 

5 

4o 

? 

45  1-7/8 

WH 

2 

44 

6 

[jjl 

6 

kk    6 

2580 

54 

4 

■'+4 

45    '; 

c&o 

1081). 

55 

5 

44 

3 

51  4-5/3 

21772 

55 

9 

43 

10 

45  a^/6 

ITcc.Y 

0 

IOO69 

5i 

10 

S 

1 

42  9-5/8 

ACL 

0 

11022 

54 

4 

0 

44  8-1/2 

GM&O 

20J+ 

54 

2 

44 

3 

46     8 

6867 

^ 

jy 

$ 

11 

45    6 

IC 

919 

54 

4 

^4 

3 

52  0-3/8 

20494 
15043 

54 

0 

3 

•  Ii7       0 

r*1 '            /, 

L&N 

I87 

54 

4 

44 

5 

47  6-1/2 

54 

4 

40 

3 

45  7-3/4 

SAL 

110 

n 

10 

lf2 

9 

48   3D-1/4 

11227 

53 

10 

39 

8 

45  3-1/2 

Southern 

11448 

!». 

14+ 

3 

48   2-1/2 

21456 

55 

9 

3 

11 

46  5-3/4 

CM 

477 

% 

9 

43 

10 

46  0-1/2 

22152 

5k- 

11 

10 

45  0-1/2 

GN 

50 

5 

54 

5 

5k    5 

22540 

55 

1 

43 

2 

46    0 

MStP&SSM 

29 

53 

9 

53 

9 

53     9 

8497 

^ 

5 

4o 

e 

46     0 

NP 

0 

17791 

% 

9 

W 

3  . 

^   "',„ 

AT&SF 

2221 

56 

1-7/8 

44 

6 

52   30-3/4 

37413 

1-7/8 

W 

1-1/2 

46  5-5/8 

CB&Q 

273 

51+ 

? 

d. 

E 

9 

50  9-1/2 

22988 

% 

6 

& 

■3 
g 

45     9 

D&RGW 

37 

54 

1+5 

52  6-1/8 

2991 

56 

0 

te 

47  1-3/8 

SP 

4435 

54 

l 

44 

7 
j 

53     7    ; 

41824 

55 

9 

44 

7 

47    0 

UP 

1160 

M 

44 

J 

50  6-1/8 

27361 

56 

0 

44 

3 

46  2-1/4 

HP 

987 

9 

E 

52     9    . 

20572 

<k 

9 

4o 

c 

45     3 

SL&SF 

297 

54 

2 

1 

49  3-1/2 

11496 

5-v 

2 

^ 

I 

44  9-1/2 

CNR 

3972 

78 

2 

44 

o 

46     7    , 

63704 

f»l 

3 

40 

44    0 

CPR 

3263 

5k 

If. 

44 

3 

45  11-5/e 

1+8602 

fe? 

8 

3 

2 

44  4-1/4 

Private 

0 

48 

56 

8 

7 

53    1 

SUMMARY 

39195 

78 

2 

42 

9 

50  6-1/4 

656341 

74    9 

38 

1 

45  7-1/4 

Yards    and    Terminals 
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TA3LE  III 


3QTJAT3D  CAR   LENGTH   3Y  TYPE  OF  CAR   FOR 
EACH  RAILROAD  AND   PRIVATE  CAR   COMPANY 


Part   2    of  6 


FLAT    CARS 

GONDOLA    CARS 

RR 

No. 

3ar   Lengt 

ti 

No. 

of 

Cars 

Car 

Length 

of 
Cars 

Maximum 

Minimum 

Equated 

Kaximum 

1'inimum 

Equated 

Ft 

In 

Ft      In 

Ft      In 

Ft 

In 

Ft 

In 

Ft      In 

DLa» 

5oo 

n 

43      4 

44  2-1/2 

1193 

70 

1 

U3 

11 

54  9-3/4 

57  6-7/8 

Erie 

353 

9 

53     3 

51;  n-7/8 

3712 

70 

7 

k7 

11 

KYC 

2113 

70 

0 

35     2 

54    1 

I080I4. 

70 

7 

1+4 

1+ 

50     11 

P&LE 

0 

9952 

61+22 

70 

7 

51 

1 

58  0-5/8 

NYC&StL 

742 

56 

, 

46     3 

52  3-1/8 

70 

7    , 

P 

.2 

52  3-1/2 

./abash 

1+07 

63 

3 

56     9 
U2     5 

60  9-1/8 

21+26 

70 

4-3/4 

us 

5 

51  5-1/4 

3&0 

739 

60 

7 

54    5   , 

11+551 

71 

1 

6 

56     0 

3J&E 

746 

56 

8 

53     2 

55  0-1/8 

5501+ 
33467 

70 

3 

1+4 

2 

5k  7-1/8 
56     8 

PRR 

238? 

72 

6 

■32     6 
47     10 

53  5-1/4 
Sk  6-3A 

70 

3 

1+2 

6 

Reeling 

ll+6 

60 

10 

7086 

70 

3 

50 

4 

56  4-5/8 

VIM 

2 1+7 

56 

9 

50     8 

55  6-3/8 

2079 

70 

5 

51+ 

2 

58    2 

c&o 

9k6 

65 

0 

US    5 

56  3-3/8 

1091+5 
5439 

70 

0 

41+ 

0 

47  2-1/1+ 

nm 

292 

5^ 

7 

1+2      0 

45  1-1/4 

67 

9 

41 

6 

46     8 

ACL 

500 

6c 

10 

44      10 

54  4-lA 

5083 

57 

2 

w+ 

3 

1+5    6 

GM&O 

696 

60 

10 

47     8 

2158 
1+146 

69 

10 

45 

2 

k6  ,  7    „ 

IC 

11+68 

63 

3 

48     3 

55  7-7/8 

69 

10 

M 

11 

US  k-i/k 

lm; 

1370 

60 

10 

37     3 

51  7-1/2 
43     9 

7338 
471+8 

70 

4-3/1+ 

42 

0 

1+9  H-1/4 

SAL 

50 

U3 

9 

43     9 

69 

4 

w»- 

11 

45  2-1/2 

Southern 

1161 

74 

9 

1+0     0 

52     5   , 

?17l+ 
1+605 

70 

5 

w^ 

8 

50  0-3/4 
1+6  10-1/2 

CNW 

2550 

56 

2 

Ult-    1 

51  4-1/4 

69 

6 

& 

10 

gi: 

2467 

56 

8 

43     11 

51     3 

3020 

70 

9 

& 

4 

US    6 

KStP&SSM 

NP 

456 

1+253 

60 
56 

10 
8 

ft* 

5  5 

178O 
3872 

70 
46 

I 

kl+ 

45 

10 
6 

^     9 
1+6     0 

AT£:SF 

2279 

75 

k 

47  0-3/4 

55     8 

1011+5 

70 

5-1/1+ 

k5 

0-1/2 

56  5-3/8 
U9     10 

C3&<i 

219U 

75 

k 

48     3 

SS     9    , 

k0l8 
5792 

70 

7 

43 

8 

D&RGtf 

432 

56 

9 

56    0 

Uh   0 

56  3-3/4 

48  11 

70 

9 

39 

6 

1+9  30-1/1+ 

SP 

7522 

70 

8 

16716 

70 

5 

S 

6 

k6     3    , 

UP 

2393 

66 

9 

44    3 

50  7-5/8 

6316 

70 

8 

6 

49  3-1/8 

MP 

1038 

56 

7 

1+0    9 

47     7    , 

7793 

70 

5 

t 

9 

52     7    „ 

Sl&SP 

831 

56 

3 

1*4    6 

47  8-1/1+ 

1+02  k 

70 

1 

11 

50  10-1/1+ 

CUR 

14.969 

70 

0 

39     0 

51     3    , 

10868 

70 

6 

27 

11 

50     9 

CPS 

3759 

70 

0 

38     6 

1+7   ID-1/8 

8286 

70 

6 

39 

7 

52   8-3/8 

Private 

0 

34 

1+5 

7 

45 

7 

45     7 

SUMMARY 

50510 

75 

4 

32     6 

51  4-1/2 

249296 

70 

9 

27 

11 

51     11 

_'(>S 


V  a r d s    and    Terminals 


TA3L3  III. 


i^UATSD  CAR  LENGTH  BY  TYPE  OF  CAR  FOR 
EACH  RAILROAD  AND   PRIVATE  CAR   COMPANY 


Part  3   of  6 


HOPPER   C.IRS 

COVERED   I 

OPPSR 

CARS 

RR 

No. 

of 

Cars 

Car 

Length 

Ho. 
Of 

Cars 

^ar 

Length 

Max 

inun 

Tin inun 

Equated 

]"&y. 

inum 

Minimum 

3quated 

Ft 

In 

Ft 

In 

Ft      In 

Ft 

In 

Ft 

In 

Ft 

In 

DL&tf 

2836 

kh 

Q 

3U- 

t. 

37   U.-1/k 

J+8 

k9 

10 

3k 

10 

?6 

7-i/k 

Erie 

3518 

kh 

9 

3o 

6 

37     7 

1+9 

7 

37 

9 

f+2 

10 

NYC 

263'ko 

kh 

2 

3U 

5 

37     10 

2S23 

h9 

7 

3k 

5 

37 

5  , 

P<-":L2 

8I+90 

kh 

2 

3k 

5 

kl  8-3/8 

575 

k9 

7 

37 

7 

39 

9-1/2 

NYC&StL 

7969 

1+8 

8 

8 

5 

39     7 

970 

ks 

10 

31+ 

5   . 

n 

3-1/8 

Wabash 

1302 

$ 

6 

6 

36     6 

838 

h? 

6-3/k 

37 

8-3/1+ 

P-l/2 

B&O 

31+272 

8 

32 

8 

39     3 

2275 

1,2 

0 

35 

3    , 

37 

6    • 

EtfaE" 

3228 

k3 

6 

38 

1+ 

Ho    k  , 

kOO 

37 

9 

31+ 

9-5/8 

37 

1+-5/8 

PRR 

li.7202 

k6 

2 

3k 

9 

ki  io-1/k 

3972 

53 

6 

3* 

0 

39 

7-lA 

Reading 

13016 

kh 

1+ 

3*+ 

5 

37  0-1 A 

866 

(3 

0 

3k 

5 

36 

7-1/2 

v;i.; 

9071 

kh 

k 

35 

7 

37     6 

650 

b 

3k 

9 

37 

S 

O&O 

57370 

1+5 

0 

3k 

3 

39  8-5/8 

k68 

k9 

7 

37 

c 

ho 

1-7/8 

NffiV 

60"5l 

l+i 

8 

31 

7 

35  D-3/k 

833 

kl 

1 

31 

b 

39 

0 

ACL 

1919 

kh 

2 

$ 

5 

36     3    . 

5731 

1+3 

c' 

32 

6 

37 
ko 

3-3/1+ 

GM&O 

1038 

§ 

6 

6 

36  30-3/k 

k39 

k? 

7 

36 

6 

k 

IC 

18501 

0 

36 

5 

3e    0 

11(63 

u 

j 

36 

6 

l+o 

3-l/k 

L&N 

32362 

1+6 

U 

33 

2 

38  2-3/k 

985 

6 

37 

9 

l+i 

5  „ 

SAL 

3977 

k3 

8 

11 

8 

k2   1-1/2 

3687 

38 

9 

37 

3 

37 

9-l/k 

Southern 

II905 

J+.6 

1, 

H- 

6 

l+o  0-7/8 

197k 
1236 

1.0 

7 

37 

9 

kl 

0-1/2 

3mv 

Lb  86 

^ 

p 

3? 

n-3/k 

k2   5-1/2 

1+9 

1 

37 

3 

39 

5 

GK 

M3 

k 

2k 

0 

27      k 

635 

k9 

7 

32 

5 

28 

10 

MStP&aSM 

30Ll2 

kh 

0 

2k 

0 

28     0 

k86 

k9 

7 

37 

9 

11 

KP 

3888 

$ 

2 

2k 

0 

37     5    , 

518 

1+9 

7 

36 

6 

kp 

6 

AT&SP 

5938 

O8I+3 

M+ 

9 

34 

6 

k-2  2-3A 

I+236 

u 

3 

36 

8 

14+ 

9-3/k 

C3o;:4 

8 

3 

3o 

6 

39  8-1/2 

2121 

0 

37 

9 

l+i 

2-1/2 

D&RGVY 

1000 

2 

kU 

2 

k5    2 

298 

k9 

7 

36 

9 

1+2 

3-1/8 

SP 

1+262 

1+5 

Q 

3k 

2 

36     10 

2295 

k? 

7 

31 

9 

ko 

8 

UP 

710k 

ko 

2 

3k 

2 

kO  9-1/8 

2605 

53 

3 

37 

9 

& 

11-3/8 

KP 

lOll+l 

k7 

7 

3k 

5 

1+2      6 

256k 

1+8 

5 

37 

9 

7 

iF 

351(9 

ill 

6 

33 

ii 

35  7-1/2 

1+3     6 

979 

1+9 

1 

37 

3 

W 

1 

CNR 

8178 

1)4 

9 

3i+ 

0 

Hk9 

1+5 

0 

37 

8 

1+1+ 

0 

CPR 

5815 

6 

36 

6 

1+2   8-1/8 

1262 

1+5 

0 

US 

0 

^ 

0 

Private 

ik55 

•0 

7 

37 

9 

3?     3 

3702 

1+? 

7 

37 

9 

l+i 

11-1/1+ 

SUll'ARY 

i|2k.:L20 

33 

3 

2k 

0 

38  8-7/8 

5k35k 

53 

6 

31 

0 

ko 

2-3/8 
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TABLS  III, 


EQUATED  CAR  LENGTH  BY  TYPE  OF  CAR  FOR 
EACH  RAILROAD  AND  PRIVATE  CAR  COMPANY 


Part  If  of  6 


PIGGY  BACK,    FLSXI-VAN 

CARS 

PULPY/OOD, 

LOGGING, 

etc. 

CARS 

RR 

No. 
of 

Car   Length 

No. 
of 

3ar 

Length 

Cars 

Maximum 

Minimum 

Equat  ed 

Cars 

Maximum 

Minimum 

Equated 

Ft 

In 

Ft      In 

Ft      In 

Ft 

In 

Ft 

In 

Ft      In 

DL&W 

0 

0 

Erie 

155 

88 

5 

56     9 

76      11 

0 

NYC 

250 

83 

3 

83     3 

83     3 

0 

PfcLE 

25 

83 

3 

83     3 

83     3 

0 

NYC&StL 

0 

0 

Wabash 

45 

56 

9 

56     9 

56     9 

0 

B&O 

89 

56 

8 

56     8 

56     8 

0 

EJ&E 

0 

0 

PRR 

0 

10 

42 

6 

42 

6 

42     6 

Reading 

47 

56 

11 

56     11 

56     11 

0 

WM 

43 

88 

2 

51     2 

63  2-3/8 

0 

c&o 

150 

88 

2 

88     2 

ee   2 

548 

53 

4 

45 

10 

50  8-5/8 

N&7 

0 

580 

50 

5 

8 

11 

40  8-1/2 

ACL 

50 

56 

9 

56     9 

56     9 

4i47 

53 

10 

3 

50     8 

GM&O 

0 

0 

IC 

171 

54 

6 

44     7 

53  7-5/8 

2378 

50 

11 

44 

1 

45  8-5/8 

L&N 

0 

1353 

45 

5 

40 

10 

43  8-3/8 

SAL 

0 

4071 
6797 

S 

2 

43 

9 

46     9    , 

Southern 

0 

8 

40 

0 

44  30-1/2 

cir.v 

121 

56 

7-1/2 

56  7-1/2 

56  7-1/2 

0 

Gil 

35 

88 

2 

s:    2 

88     2 

64 

55 

0 

43 

11 

50      8 

KStB&SSH 

10 

88 

2 

88     2 

88     2 

0 

NP 

75 

88 

2 

88     2 

86     2 

395 

1049 

% 

1 

45 

1 

50      1 

AT&3F 

I+36 

95   30-1/2 

4-7     9 

53  0-1/4 
48     3 

6-3/4 

43  4- 

52  7-1/2 

C3&„. 

165 

b 

3 

48     3 

0 

D&RGW 

38 

C8 

2 

56     9 

76     7 

e 

SP 

lifll 

88 

2 

ft   0 

69    5 

634 

54 

1 

44 

4 

48     6 

UP 

356 

88 

2 

45    9 

70    2 

0 

MP 

0 

0 

SL&SF 

0 

550 

52 

4 

45 

4 

48     6 

CNR 

706 

55 

8 

4?    2 
£4    10 

49     6 

0 

CPR 

863 

5-9 

4 

48    1 

34 

49 

4 

Itf 

4 

49    4 

Private 

2977 

88 

2 

52    6 

81  9-3/4 

0 

".ARY 

7288 

95 

30-1/2 

44    0 

69  6-7/8 

22610 

\<  6-aA 

39 

11 

47  0-1/4 

.'70 


Y  a  r  d  s    and    Terminals 


TABLi  III, 


EQUATED  CAR  L'^HGTH  JY  TYPE  0?  CAR  ?0H 
EACH  RAILROAD  AND  PRIVATE  CAR  COMPANY 


Part  5  of  6 


REFRIGERATOR   CARS 

STOCK   CARS 

RR 

Ho. 

of 

Cars 

Car    Length 

NO. 

of 

Cars 

Car 

Length 

Maximum 

Minimum 

Equated 

Maximum 

Minimum 

Equated 

Ft 

In 

Ft      In 

Ft 

In 

Ft      In 

Ft 

In 

Ft      In 

pi&w 

10 

44 

11-1/2 

44  11-1/2 

44 

11-1/2 

2 

44  8-1/2 

44 

8-1/2 

44  8-1/2 

Erie 

0 

26 

45    0 

P? 

0 

45    0 

44    7 

NYC 

0 

920 

44    10 

44 

3 

P&LE 
NYC&StL 

0 
0 

0 
322 

44    8 

& 

3    . 

44  5-3/8 

V/abash 

0 

581 

44  7-1/2 

44 

7-1/2 

44  7-1/2 

B&O 

0 

1906 

45    3 

42 

5 

43     8 

EJfi-.E 

0 

0 

PRR 

0 

586 

54    3 

44 

9 

46  0-5/8 

Reading 

0 
0 

io4 

0 
0 

WM 

c&o 

54 

3 

44    4 

49 

1-1/8 

149 
265 

45    0 

44 

3 

44     6 

H&W 

0 

42    2 

^ 

2 

42      2 

ACL 

0 

139 

44    3 

^ 

6 

41    10 

GM&O 

k 

43 

3 

4-3     3 

fc 

3 

200 

44    7 

44 

7 

W^  ,7  ,« 

IC 

493 

u 

3 

44    3 

3 

211 

44    6 

r* 

4   , 

kk  4-7/6 

L&N 

0 

67 

44  7-1/2 

7-1/2 

44  7-1/2 

SAL 
Southern 

0 
0 

25 

339 

ft    > 

tt 

9 
9 

r*,&» 

CN.V 

0 

1238 

44    2 

40 

2 

43  4-3/4 

GN 

50 

& 

7 

54    7 

54 

7 

1896 

1*5    0 

r? 

8 

42    10 

MStP&SSM 

10 

5 

47     5 

47 

5 

388 

J+o    2 

2 

40    2 

NP 
AT&SF 

1637 
13532 

57 

0 

1 

ft  I 

47 
46 

0 
0-1A 

1689 
6644 

45     6 
45  2-1/2 

r* 

6 
9-5/8 

44  8-5/8 

cB&y 

0 

3384 

44    9 

40 

3 

41  4-1/2 

D&RG.7 

SP 

UP 

i 

54 
54 

It 

£  i 

5^ 
54 

i 

795 
1401 
3492 

44    8 

2 

40 

11 

6 

3 

42  5 
41    9 

43  7 

MP 
SL&SF 

0 

0 

1156 
245 

44    9 
44  2 

ft 

9 

0 

fe? 

cnr 

4-979 

45 

0 

44     4 

4+ 

9  . 

2545 
2368 

53   1+ 

39 

2 

40     5    , 

CPR 

k806 
38903 

1l5 

1 

43     6 

1+4 

D-l/8 

50   0 

39 

2 

4l  6-1/2 

Private 

56 

3 

37     8 

4+   30-1/2 

504 

43    10 

39 

10 

43  5-3/4 

SUMMARY 

65312 

57 

1 

37     8 

45 

3-1/4 

33483 

54    3 

39 

2 

43  2-5/8 
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TABLE  III, 


EQOATKD   CAR   LENGTH  BY  TYPE  OF   CAR   FOR 
SACK   RAILROAD  AND   PRIVATE  CAR   COMPANY 


Part  6  of  6 


TANK   CARS 

OTHER   CARS  * 

RR 

No. 

:ar 

Length 

No. 

Car 

Length 

of 

of 

Cars 

Max 

iraum 

Minimum 

Equated 

Cars 

Maximum 

Minimum 

Equated 

Ft 

In 

Ft 

In 

Ft 

In 

Ft      In 

Ft 

In 

Ft      In 

DL!-.„ 

2 

38 

3 

35 

1 

36 

8 

0 

Erie 

0 

130 

76     6 

4-3 

3 

4-7     0 

NYC 

50 

\& 

8 

k$ 

p 

45 

8 

377 

57    1 

51 

1 

53     5 

:    LE 

0 

0 

KYC&StL 

0 

1 

60     10 

60 

10 

60     10 

Wabash 

■ 

0 

0 

0 

EJo:E 
PRR 

0 
0 

0 

177 

124.  3 

ia 

6 

51  8-7/8 

Reading 

0 

23 

56  7-5/8 

50 

4- 

50  u>5/8 

m 

0 

4-1 

58     1 

57 

1 

57    k  , 

CccO 

0 

1+0  6 

55    9 

54. 

9 

5k  10-1/2 

mm 

11 

kk 

2-1/2 

33 

5 

36 

0 

128 

5k    7 

1+2 

2 

50  2-3/:. 

ACL 

0 

201 

5+    3 

i 

2 

5k    2 

SM&C 

66 

51 

3 

34- 

11 

39 

11 

II1O8 

4-7     6 

6 

E  9-iA 

IC 

0 

61 

4-5    3   , 

11 

4-5  1-1/2 

l&;; 

0 

168 

k.6  IO-3/4. 

& 

11 

Ult-  7-3/6 

SAL 

0 

5 

60     4. 

60 

4- 

60     1+ 

Southern 

0 

166 

5?     3 

51 

8 

5k  1D-3A 

cam 

0 

29 

69     6 

39 

k 

4-3  7-1/2 

OH 

0 

0 

MStP&SSM 

0 

0 

HP 

164 

5i 

* 

38 

7 

4-6 

1 

0 

ATaSF 

2329 

5o 

35 

5 

ko 

9-3A 

0 

C3&Q 

0 

0 

D£.:?.G.V 

18 

& 

6 

35 

6 

S 

0 

0 

SP 

1877 

1236 

9 

35 

6 

3 

0 

OJ 

51 

8 

36 

6 

% 

2 

220 

53    10 

% 

10 

53     10 

i.:f 

17 

X- 

6 

33 

11 

2 

1251+ 

61    4. 

8 

r  7_1//? 

SL&SF 

157 

39 

2 

3^ 

2 

^ 

5 

73 

60    k 

kk 

0 

52  9-3A 

CNR 

0 

0 

CPR 

.  297 

54698 

53 

11 

35 

2 

kk 

11-1/6 

0 

Private 

53 

8 

35 

2-1/2 

39 

7-3/8 

W*3 

4-5     3 

39 

11 

1+4  7-3A 

SUMMARY 

60924 

53 

11 

33 

5 

39 

lOi/2 

5313 

12L  3 

36 

6 

4-6  2-3A 

*  Includes  following  oars:  box  tank, container,  coke, 
depressed  flat,  furniture,  rack,  v/allboard,  -.veil, 
•vood  chip  and  others , 
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TABLE  IV.      EQUATED   CAR    LENGTH  BY  TYPE  OF   CAR 


TYPE  OF   CARS 

No. 

of 

Cars 

Car 

Length 

1 

Maximum 

Minimum 

Equated 

Ft      In 

Ft 

In 

Ft      In 

Automobile 

39195 
656341 

78      2 

42 

9 

50  6-1 A 

Box 

74  9 

75  4 

38 

1 

45  7-1/4 

Flat 

£0510 
2I19296 
424420 

32 

6 

5i  4-1/2 

Gondola 

70     9 

27 

11 

51    11 

Hopper 

53     3 

24 

0 

38  8-7/8 

Hopper,    Covered 

54354 

53    6 

}} 

0 

40  2-3/8 

PiggyBack,    Flexi-Van 

7288 

9$  30-1/2 

44 

0 

69  6-7/8 

Pulpwood,    Logging 

22610 

56  6-3A 

39 

11 

47  0-1/4 

Refrigerator 

65312 
33483 
60924 

57     l 

37 

8 

45  3-1/4 

Stock 

54    3 

39 

2 

43  2-5/8 

Tank 

53     11 

33 

5 

39  10-1/2 

Others 

5313 

124  3 

36 

6 

48  2-3/4 

SUMMARY  ALL   CARS 

1669046 

124  3 

24 

0 

44  9-1/4 

TABLE  V.      PERCENT   HOPPER    CARS  TO  TOTAL   CARS    (11   roads) 


Total 

No.   of 

Percent 

RR 

Cars 

Hopper   Cars 

Hopper   Cars 

P&LE 

25,355 

8,490 

33.5 

NYC&StL 

27,2kl 

7,969 

29.3 
42.4 

B&O 

80,866 

34,272 

EJ&E 

11,198 

3,228 

28.8 

PRR 

163,056 

47,202 

28.3 

Reading 

28,125 

13,016 

46.3 
61.7 

WM 

14,713 

94,444 

9,071 

C&O 

57,870 

61.3 

N&W 

78,588 

60,951 

77.6 

IC 

50,305 

18,501 

36.8 

L&N 

59,373 

32,862 

55.3 

TOTAL 

633,264 

293,432 

46.3 

Other  21 

Roads 

1,035,782 

130,988 

12.6 

Yards    and    T  e  r  m  i  n  ;i  I  s 


273 


TABLE  VI.      EQUATED  CAR    LENGTH  BY   H£GIOIi      -      REVISED 

(Ho.    of   Hopper   Cars   Modified   &   Piggy  Back   Deleted) 


No.    of 
Cars 

Car 

Length 

REGION 

Maximum 
Ft      In 

Minimum 
Ft      In 

Equated 
Ft      In 

North   Eastern  &  Gt .    Lakes 

197,281 

70 

7 

3k 

5 

46 

2-1/1.;. 

Central   Eastern 

215,81+1 

I2I4. 

3 

32 

6 

1+8 

8-1/2 

Pocahontas 

61, 108 

70 

0 

31 

0 

Uk 

10-3/8 

Southern 

190,769 

71+ 

9 

32 

6 

k$ 

0-7/8 

Horth   ./estern 

125,722 

70 

9 

2k 

0 

k3 

9 

Central   V/estern 

275,4.09 

75 

k 

30 

6 

46 

5-1/8 

South  Western 

67,723 

70 

5 

33 

11 

US 

6-3A 

Canada 

178,862 

78 

3 

27 

11 

h$ 

2-I/4 

Private   Car   Companies 

99,921+ 

56 

8 

31 

6 

hi 

10-3/8 

SUMMARY  ALL  ROADS 

1,412,639 

124 

3 

21+ 

0 

US 

8-3A 

Report  on  Assignment  3 

Scales  Used  in  Railway  Service 
Collaborating  with  Electrical  Section,  AAR 

H.  Phypers  (chairman,  subcommittee),  W.  P.  Buchanan,  J.  L.  Dahlrot,  D.  C.  Hastings, 
H.  W.  Hem,  F.  A.  Hess,  C.  C.  Jacobson,  V.  C.  Kennedy,  F.  C.  Larsen,  A.  S.  Kreft- 
ing,  G.  A.  Peirce,  W.  H.  Pollard,  C.  E.  Roessler,  H.  H.  Russell.  J.  W.  Tucker. 

Portions  of  the  material  in  Chapter  14,  Part  5,  of  the  current  Manual  relating  to 
scales  and  weighing,  are  out  of  date.  To  bring  these  portions  in  line  with  modern  de- 
velopments, the  use  of  steel  fabrication  in  construction  of  railway  track  scales  and  other 
large  capacity  scales  used  in  railway  service,  your  committee  submits  the  following 
recommendations: 

Pages   14-5-1   to   14-5-15,  incl. 

RULES   FOR   THE   LOCATION,    MAINTENANCE,   OPERATION 

AND  TESTING  OF   RAILWAY  TRACK  SCALES 
Reapprove,  with  following  revisions: 
Page  14—5—J 

Sec.  A,  Art.   1    (b)  -Delete  second  sentence  and  substitute    -"Dead  rails  -Imuld  be 
provided  for  all  scales  where  designed  capacit)   dor-  not  correspond  with  greatest  com 
bined  load  likely  to  run  over  scale  rail-  " 

Page  14-5-7 

Sec.   C,   Art.   6 — In    third   sentence,   seventh   line   of  paragraph   after    word    "recon 
nected",  add  a  comma,  then  the  word  "rebalanced"    Vdd  additional  paragraph  as  fol 
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lows:  "On  scale  provided  with  a  gradient  lor  motion  weighing,  additional  tests  with 
loaded  cars  should  be  made  to  determine  that  the  components  controlling  the  auto- 
matic functions  of  the  recording  device  are  in  correct  adjustment. 

Page  14-5-8 

Sec.  C,  Art.  8  (b)   Maintenance  Tolerance — add: 

5.  The  SR  shall  not  exceed  100  lb. 

6.  For  the  average  railway  track  scale  in  good  condition,  experience  has  demon- 
strated that  realization  of  a  tolerance  of  1  /10th  of  1  percent,  as  recommended  by 
the  ICC  in  Docket  0000  for  application  as  the  "maintenance  tolerance"  for  such 
scales  in  grain-weighing  service,  is  not  uniformly  practicable,  and  that  the  tolerances 
as  hereinbefore  stated  are  adequate  to  meet  the  requirements  for  all  commercial 
weighing  operations  effected  on  railway  track  scales. 

Sec.  Cj  Art.  S   (d)    Tolerances  OH  Truck  Scales  Used  by  Shippers  for  Weighing  drain 
Delete  completely. 

Pages  14-5-19  to  14-5-37,  incl. 


SPECIFICATIONS  FOR  THE  MANUFACTURE  AND  INSTALLATION 
OF  FOUR-SECTION,  KNIFE-EDGE  RAILWAY  TRACK  SCALES 

Reapprove  with  the  following  revisions: 
Page  14-5-23 

Sec.  CC  Art.  1.  Qualities  of  Castings — Delete  word  "castings",  substitute  word 
"material". 

Page  14-5-26 

Sec.  E,  Art.  1.  Qualities  of  Castings — Delete  word  "Castings",  substitute  word 
"material".  Delete  the  sentence  under  Art.  1  and  substitute — "Castings  or  structural 
steel  for  lever  stands  shall  be  clean,  smooth  and  uniform,  and  castings  shall  be  free  of 
blisters,  blow  holes,  shrinkage  holes  and  cracks". 

Page  14-5-28 

Sec  FF,  Art  3  (a)— second  line,  delete  (Docket  0000). 

Page  14-5-36 

Sec.  LL,  Art.  16 — Delete  completely. 

Page  14-5-37 

Sec.  0.  Scale  Shed — Delete  completely. 
Sec  00.  Car  Pullers— Change  to  Sec.  0. 

Pages   14-5-38  to   14-5-55,  incl. 

SPECIFICATIONS   FOR   THE    MANUFACTURE  AND    INSTALLA- 
TION OF  TWO-SECTION,  KNIFE-EDGE  RAILWAY 
TRACK  SCALES 

Reapprove  with  the  following  revisions: 

Page  14-5-41 

Sec.  CC,  Art.  1.  Qualities  of  Castings — Delete  word  "castings",  substitute  word 
"material". 
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Page  14-5-44 

Sec.  E,  Art.  l.  Qualities  of  Castings  -Delete  word  "castings",  substitute  word 
"material".  Delete  the  sentence  under  Art.  l  and  substitute — "Castings  or  structural  steel 
for  lever  stands  shall  be  clean,  smooth  and  uniform,  and  castings  shall  be  free  of  blisters, 
blow  holes,  shrinkage  holes  and  cracks". 

Pages   14-5-56  to   14-5-78,   incl. 

SPECIFICATIONS  FOR  THE  MANUFACTURE  AND  INSTALLATION 

OF  TWO-SECTION,   MOTOR-TRUCK  SCALES,  AND   BUILT-IN, 

SELF-CONTAINED  AND  PORTABLE  SCALES  FOR 

RAILWAY  SERVICE 

Reapprove  with  following  revisions: 
Page  14-5-65 

Sec.  DD.  Art.  2.  Qualities  of  Castings — Delete  word  "castings",  substitute  word 
"material". 

Page  14-5-67 

Sec.  F,  Art.  1.  Qualities  of  Castings — Delete  word  "castings",  substitute  word 
"material".  Delete  ientence  under  Art.  1  and  substitute — "Castings  or  structural  steel 
for  lever  stands  shall  be  clean,  smooth  and  uniform,  and  castings  shall  be  free  of  blisters, 
blow  holes,  shrinkage  holes  and  cracks." 

Pages   14-5-79   to    14-5-92,   incl. 

SPECIFICATIONS  FOR  THE  MANUFACTURE  AND  INSTALLATION 
OF  HAND-OPERATED  GRAIN  HOPPER  SCALES 

Reapprove  with  the  following  revisions: 
Page  14-5-82 

Sec.  C,  Art.  2.  Qualities  of  Castings — Delete  word  "castings",  substitute  word 
"material". 

In  first  sentence  under  Art.  2,  following  the  word  "castings",  insert  a  comma  and 
the  words  "steel  tubing  or  structural  shapes  used  for  levers,  shall  not  be  warped". 

Delete  second  sentence  and  substitute:  "They  shall  be  clean,  smooth  and  uniform, 
and  castings  shall  be  free  of  blisters,  blow  holes,  shrinkage  holes  and  crack.-". 

Page  14-5-84 

Sec.  DD,  Art.  1.  Qualities  of  Castings — Delete  word  "castings",  substitute  word 
"material".  Delete  the  sentence  under  Art.  1  and  substitute — "Castings  or  structural  steel 
for  lever  stands  shall  be  clean,  smooth  and  uniform,  and  castings  -hall  lie  free  of  blisters, 
blow  holes,  shrinkage  hole-  and  cracks". 

Pages    14-5-93   to    14-5-109,   incl. 

SPECIFICATIONS  FOR  THE  MANUFACTURE  AND  INSTALLATION 
OF    FOUR-SECTION    MOTOR-TRUCK    SCALES 

Reapprove  with  Following  revisions 
Page  14-5-90 

Sec.    I).    Art.    .'.   Qualities    of    Castings     Delete    word    "castings",    substitute    word 

"material". 
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Page   14-5-102 

Sec.  F.  Art.  I.  Qualities  oi  Castings  Delete  word  "castings",  substitute  word 
'material". 

Delete  the  sentence  under  Art.  1  and  substitute — "Castings  or  structural  steel  for 
lever  stands  shall  be  clean,  smooth  and  uniform,  and  castings  shall  be  free  of  blisters, 
blow  holes,  shrinkage  holes  and  cracks". 

Report  on  Assignment  4 

Specialized  Construction  Required  in  Retarder  Yards 

L.  J.  Riekenberg  (chairman,  subcommittee),  M.  H.  A'.drich,  R.  O.  Balsters,  A.  E.  Bier- 
mann,  E.  G.  Brisbin,  B.  E.  Buterbaugh,  B.  E.  Crumpler,  A.  V.  Dasburg,  Oscar 
Fischer,  H.  C.  Forman,  W.  H.  Giles,  W.  H.  Goold,  C.  W.  Hamilton,  D.  C.  Hast- 
ings, A.  S.  Krefting,  B.  Laubenfels,  S.  N.  Maclsaac,  H.  J.  McNallv,  L.  W.  Robin- 
son, R.  A.  Skooglun,  F.  R.  Smith,  Jack  Sutton,  J.  J.  Tibbits,  P.  P.  Wagner,  Jr., 
W.  E.  Webster,  Jr.,  C.  E.  Zeman. 

This  is  a  final  repcrt  on  a  new  assignment  and  is  presented  as  information.  It  con- 
cerns special  construction  used  in  retarder-equipped  classification  yards,  but  not  neces- 
sarily restricted  to  such  yards. 

The  hump  generally  consists  of  a  fill  of  sufficient  height  to  provide  the  required 
velocity  head  to  allow  hard-running  cars  to  roll  to  any  desired  location  in  the  body 
tracks  of  the  classification  yard.  To  preclude  the  possibility  of  settlement,  it  is  common 
practice  to  use  select  materials  in  constructing  the  hump. 

Grades  and  vertical  curves  on  the  hump  should  be  as  designated  in  the  Manual. 

The  shoulders  of  the  hump  should  be  of  sufficient  width  to  support  the  ballast 
properly  and  to  allow  working  room  for  personnel  whose  duties  must  be  performed  at 
the  hump.  The  operational  area  for  the  pin  puller  should  be  equipped  with  a  good 
walkway. 

The  hump  conductor's  office  should  be  of  sufficient  size  so  it  may  house  car  routing 
equipment,  either  push  button  or  tape,  or  both,  and  should  be  equipped  with  adequate 
communicaticn  facilities.  In  some  instances  it  may  be  advantageous  to  construct  a  build- 
ing of  sufficient  size  to  provide  additional  office  space  as  well  as  wash  and  locker  rooms 
for  yard  employees.  In  cases  where  the  main  yard  office  is  placed  at  the  hump  crest,  it 
may  be  found  desirable  to  incorporate  the  hump  conductor's  office  into  this  building. 

The  retarder  operator's  tower  should  be  strategically  located  as  designated  in  the 
Manual.  It  is  quite  common  to  house  the  yardmaster  also  in  this  building  on  the  top 
floor,  so  that  he  can  view,  without  obstruction,  the  en;ire  operation  of  the  yard.  The 
ground  floor  of  this  structure  may  be  of  sufficient  size  to  house  the  computers,  instru- 
ments and  control  panels  which  are  requ'red  for  the  automatic  features.  This  room 
should  be  free  of  dust  and  should  be  provided  with  temperature  and  moisture  control 
equipment.  The  various  offices  should  be  provided  with  adequate  communication  facili- 
ties and  other  features  required  for  the  proper  performance  of  duties  assigned  to  the 
personnel. 

The  retarders  should  function  as  prescribed  in  the  Manual.  The  foundation  for 
these  retarders  may  consist  of  ballast  and  ties  only,  or  the  retarder  may  be  placed  on  a 
concrete  foundation  which,  in  some  instances,  may  be  supported  en  piling.  The  added 
stability  of  foundation  makes  less  frequent  the  need  to  adjust  the  grade  of  the  tracks, 
thereby  lowering  maintenance  costs. 


Yards    and    Terminals 277 

The  resistance-measuring  area  for  tangent  Hack  may  be  located  above  the  master 
retarder  and  must  be  of  sufficient  length  and  made  to  allow  cirs  to  accelerate  smoothly 
to  proper  speed  if  best  results  arc  to  be  obtained  by  the  resistance-measuring  equip- 
ment. To  further  enhance  best  results,  it  is  also  necessary  to  maintain  the  track  in  the 
tangent  rolling-resistance  area  to  very  close  tolerance  in  grade,  cross  elevation  and 
gage.  To  maintain  track  within  these  tolerances,  the  track  scale  is  often  made  a  part  of 
the  tangent  rolling-resistance  measuring  area.  Other  areas  are  equipped  with  special  con- 
crete foundations  to  hold  track  at  proper  grade,  cross  level  and  gage.  Still  other  areas 
are  carried  on  ties  and  ballast,  but  are  checked  and  corrections  made  at  frequent  inter- 
vals. These  precautions  are  required  for  best  results  in  controlling  speeds  of  cars  by  auto- 
matic retardation. 

To  prevent  erroneous  readings  and  improve  reliability  caused  by  slewed  or  "cocked" 
trucks,  it  may  be  advisable  to  place  guard  rails  at  strategic  points  to  correct  bad  truck 
alinement. 

A  segment  of  curved  track  is  required  to  determine  the  resistance  introduced  be- 
cause of  curvature.  The  segment  of  curved  track  may  be  placed  between  the  tangent 
rolling-resistance  area  and  the  master  retarder.  This  arrangement  will  allow  economies 
in  computer  equipment.  Curvature  should  be  of  sufficient  length  and  degree  to  allow 
accurate  resistance  measurements  to  be  taken.  Common  methods  of  securing  resistance 
measurements  are  by  radar  or  timing  sections. 

Detectors  for  dragging  equipment  and  broken  flanges  should  be  installed  in  a  man- 
ner that  will  provide  a  warning  before  the  cjr  passes  over  the  crest  of  the  hump.  If  an 
under-track  inspection  pit  is  used,  the  above  equipment  should  be  so  placed  as  to  afford 
protection  to  the  inspectors. 

Inspection  pits,  either  under  track  or  side,  or  both,  should  be  placed  on  the  track 
leading  to  the  hump  and  should  be  equipped  with  a  signal  system  so  that  the  inspector 
can  stop  operations,  if  necessary. 

Journal  oiling  facilities,  either  manual  or  automatic,  should  be  installed  at  a  stra- 
tegic location  ahead  of  the  hump  crest. 

To  reduce  resistances  to  a  minimum,  rail  lubricators  may  be  introduced,  preferably 
ahead  of  the  resistance-measuring  areas. 

The  load-sensing  weigh  rail  located  in  the  proximity  and  above  the  master  retarder 
Should  be  provided  with  a  stable  foundation  to  secure  best  results  for  automatic 
retardation. 

Television  is  employed  to  expedite  securing  and  checking  train  consists  by  mam 
companies. 

To  avoid  overloading  tricks  used  for  assembling  trains  or  for  holding  car*  and 
thereby  fouling  lead  tracks,  signals  are  strategically  placed  to  indicate  when  the  track 
is  full. 

Automatic  track  scales  are  installed  by  many  Companies  below  tin'  cresl  "i  the 
hump  if  it  is  necessary  to  weigh  a  great  number  of  Cars 

Some  consideration  is  presently  being  given  to  replacing  the  skates  with  Inert  or 
mechanical  retarders. 

Many  of  the  above  items  are  equally  benefichl  in  Hat  switching  yards. 
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Report  on  Assignment  5 

Simplification  in  Yard  and  Terminal   Design,  and   Resulting 
Economy,  Following  Complete   Dieselization 

Collaborating   with   Committees   5,   6,   and   13 

R.  H.  Peak  (chairman,  subcommittee),  M.  H.  Aldrich,  F.  E.  Austerman,  R.  ().  Balsters, 
R.  F.  Beck,  H.  R.  Beckmann,  A.  E.  Biermann,  W.  O.  Boessneck,  J.  F.  Chandler, 
B.  E.  Crumpler,  A.  V.  Dasburg,  W.  H.  Giles,  C.  A.  Hagen,  Wm.  J.  Hedley,  F.  A. 
Hess,  F.  S.  King,  A.  S.  Krefting,  G.  Litchtenwalner,  E.  T.  Lucey,  T.  F.  Mahoney. 
J.  C.  Miller,  R.  F.  Moris,  L    F,  Poll!,  L.  R.  Shellenbarger,  J.  Sutton,  C.  E.  Zeman. 

Your  committee  submits  the  following  report  as  information,  with  the  recommenda- 
tion that  the  subject  be  discontinued. 

This  subject  was  selected  to  determine  it  significant  economies  could  be  brought 
about  in  yard  and  terminal  design  following  dieselization,  due  to  the  inherent  advantages 
of  the  diesel  locomotive  in  negotiating  sharper  curves  and  steeper  grades  and  also  to  the 
lesser  requirements  of  these  locomotives  in  the  locomotive  terminal  area.  The  object  of 
the  study  was  not  to  list  arguments  for  dieselization,  already  an  accomplished  fact  on 
most  roads,  but  rather  to  point  out  to  the  designer  the  savings  which  could  be  accom- 
plished by  a  change  in  design  policies  to  take  full  advantage  of  the  diesel's  capabilities. 

Questionnaires  were  sent  out  to  all  members  of  the  committee  to  determine  if  any 
such  policy  changes  were  in  effect  or  contemplated.  Replies  were  received  from  13  indi- 
viduals representing  11  roads. 

The  majority  reported  no  significant  changes  in  policy  except  the  more  obvious 
changes  already  in  effect  on  most  roads  in  the  locomotive  terminal.  Below  is  presented 
the  various  items  considered,  with  an  analysis  of  the  replies: 

1.  Hump  Retarder  Yards.  No  one  reported  any  change  in  normal  frog  number; 
two  roads  stated  that  maximum  frog  angle  had  been  changed,  one  from  No.  8  to  No.  7 
and  one  from  No.  10  to  No.  8.  Three  rojds  had  increased  maximum  curvature  from 
12  to  23  deg.  No  change  in  maximum  gradient  was  reported. 

2.  Ladders  of  Large  Yards  Other  Than  Hump  Yards.  Four  reported  increases  in  frog 
angle  for  normal  use,  in  three  cases  to  No.  8  and  in  one  to  No.  7.  Two  cases  of  increase 
in  maximum  frog  angle  were  from  No.  8  to  No.  7  and  from  No.  10  to  No.  8.  Five  roads 
increased  maximum  curvature  from  10  to  23  deg.  No  change  in  maximum  gradient  was 
reported. 

3.  Smaller  Secondary  Yards.  Two  changes  in  normal  frog  angle  were  reported  from 
No.  9  to  No.  8  and  from  No.  8^  to  No.  7.  One  change  in  maximum  frog  angle,  from 
No.  10  to  No.  8,  was  reported.  Maximum  curvature  was  increased  by  three  roads  from 
12  to  20  deg.  No  change  was  made  in  gradient  policy. 

4.  Leads  from  Main  Line  to  and  from  Yards  and  Major  Industrial  Leads.  Only  one 
change  in  normal  frog  angle,  frcm  No.  10  to  No.  8,  was  shown.  Six  roads  reported 
changing  maximum  frog  angle  from  No.  10  to  No.  8;  also  changing  the  maximum  curva- 
ture from  a  low  of  8  deg  to  a  high  of  23  deg.  One  rnad  reported  a  change  of  maximum 
gradient  from  2  to  3  percent. 

5.  Industrial  Tracks,  (a)  On  Line  OF  Road.  Changes  in  normal  frog  angle  were 
from  No.  10  to  No.  8,  from  No.  Q  to  No.  7,  and  from  No.  S  to  No.  6.  Two  roads  have 
made  the  nuximum  frog  angle  allowed  No.  6,  where  previously  No.  8  and  No.  u  were 
required.  Seven  reported  changes  in  maximum  curvature  from  12  to  30  den.  One  re- 
ported increasing  gradients  from   2  to  .•>   percent,   (b)    In  Terminals.  Four  changes  in 
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normal  frog  angle,  No.  10  to  No.  8,  No.  &y2  to  No.  7,  No.  0  to  No.  7,  and  No.  8  to 
No.  6,  were  indicated.  Maximum  angle  changes  from  No.  8  to  No.  6,  No.  10  to  No.  8, 
and  No.  °  to  No.  <•>  were  reported.  Curves  arc  allowed  as  high  as  35  deg  where  l11  deg 
was  the  maximum  before.  One  mad  reported  an  increase  in  gradient  from  2  to  3  per  cent. 

In  locomotive  terminals,  the  changes  reported  were  the  most  obvious  ones  usually 
associated  with  dieselization  and  need  not  be  gone  into  in  any  detail  here.  The  design 
of  a  diesel  locomotive  terminal  has  been  covered  in  reports  by  this  committee,  by  Com- 
mittee (>.  and  in  the  Manual,  and  nothing  was  revealed  in  our  questionnaire  which  was 
not  covered  in  one  of  these  reports. 

In  conclusion,  the  complete  dieselization  of  a  railroad  offers  opportunities  for  econ- 
omies in  yard  and  terminal  design  where  new  or  substantially  changed  facilities  are 
planned.  The  use  of  sharper  turnout  angks,  sharper  curves  and  higher  gradients  will  in 
many  cases  save  large  amounts  of  track  construction  to  obtain  a  given  car  capacity.  A 
special  case  is  the  industrial  track  within  switching  limits,  where  the  sharp  curves  nego- 
tiable by  a  diesel  switcher  will  allow  industries  to  be  track-served  which  would  not  have 
been  possible  before. 

These  advantages  must  be  weighed  against  the  increased  maintenance,  and  in  some 
cases,  reduced  speed  caused  by  curvature. 

Increased  use  of  cars  of  longer  wheel  base,  such  as  cars  for  rail-truck  freight,  has 
presented  problems  which  must  be  considered  before  curvatures  and  turnout  angles  are 
increased. 

Report  on  Assignment  6 

Facilities   for  Loading  and   Unloading   Rail-Truck   Freight 

Equipment 

H.  J.  McNally  (chairman,  subcommittee),  H.  R.  Beckmann,  W.  O.  Boessneck,  B.  E.  Bu- 
terbaugh,  G.  H.  Chabot,  Oscar  Fischer,  W.  H.  Goold,  Wm.  J.  Hedley,  J.  E.  Hoving, 
A.  S.  Krefting,  B.  Laubenfels,  Glen  Lichtenwalner,  E.  T.  Lucev,  S.  N.  Maclsaac. 
G.  W.  Mahn.  Jr.,  T.  F.  Maloney.  Jr.,  J.  C.  Miller,  R.  F.  Moris,  B.  G.  Packard, 
W.  H.  Pollard,  L.  J.  Riekenberg,  L.  W.  Robinson.  H.  T.  R  ebuck,  R.  A.  Skooglun. 
J.  W.  Tucker,  P.  P.  Wagner,  Jr.,  C.  E.  Zeman. 

Your  committee  submits  the  following  material  covering  Rail-Truck  Loading  and 
Unloading  Facilities,  with  a  recommendation  it  be  adopted  and  published  in  the  Manual. 
substituting  it  for  the  present  material  shown  on  page  14  3-17,  Sec.  J.  of  Part  .? — 
Freight  Terminals.  Since  the  publication  of  the  first  Manual  material  on  this  subject 
lasl  year,  additional  information  has  been  added  and  better  form  is  used 

J    RAIL-TRUCK   LOADING    VND  UNLOADING   FACILITIES 
Four  types  of  facilities  are  used: 

1.  End  loading  of  railroad  cars  is  accomplished  l>\    backing  the  tractor-trailer-truck 

combination   on  a   fiat   car  or  string  of  car.-  from  a   platform  or  ramp  constructed   to  car 
floor  height. 

2.  Side  loading  can  be  accomplished  by  the  use  of  a  fork  lift  truck,  a  platform  al 
car-floor  height,  or  by  the  use  of  special  equipment   which  permit-  separation  of  the 

trailer   bod\    Horn   it-   wheel-  and   transfer  of  the   bodj    to   a    fiat   car. 

3.  Overhead  loading  can  be  accomplished  by  the  use  of  a  traveling,  overhead  rail- 
mounted  or  tire-mounted  crane.  Either  the  entire  trailer  or  the  trailer  body  without 
wheel-  can  be  handled  troin  the  roadwaj  adjacent  to  the  track 
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4.     The  combination  rail-highpuay  vehicle  employs  special  truck  equipment  with  tire 
mounted   and    flanged  wheels  which  can   he  raised  or  lowered  as  required.  The  handling 
area  is  paved  to  the  top  of  rail. 

The  selection  of  the  location  and  area  required  for  the  facility  depends  upon  the 
potential  volume  of  traffic,  its  origin  and  destination  within  the  service  area,  the  con- 
venience of  highway  access  and  the  necessity  for  economical  and  expeditious  movement 
of  railroad  cars.  As  many  as  11  (85-ft)  cars  in  a  string  can  be  used  in  end-loading 
operations  efficiently.  A  trailer  parking  area  of  at  least  the  capacity  of  the  loading  tracks 
should  be  planned.  Many  installations  have  a  parking  area  with  a  capacity  two  or  three 
times  the  track  capacities. 

There  may  be  advantages  to  have  the  track  area  depressed  in  relation  to  the  park- 
ing area,  driveways  and  ramps.  The  tracks  used  to  spot  cars  for  loading  should  be  on 
tangent.  The  curvature  of  approach  tracks  should  be  limited  to  15  deg  20  min  (375-fl 
radius) . 

The  type  of  paving  or  surfacing  of  parking  area,  driveways  and  ramps  should  be 
selected  to  suit  the  intensity  of  use  anticipated.  The  ramps  may  be  of  wood,  concrete 
or  earth-filled  crib  construction.  Platform  walkways  adjacent  to  tracks  should  be  con- 
sidered to  provide  easy  movement  of  men  from  one  car  to  another.  Portable  ramps  can 
be  used  to  eliminate  need  to  turn  cars. 

Lighting  in  the  track  area  should  be  furnished  to  facilitate  tie-down  operations. 
Parking  areas  should  be  lighted  if  there  is  considerable  night  operation.  Traffic  lines  will 
facilitate  parking  and  handling  of  equipment. 

The  larger  operations  will  require  an  office  and  locker  room  at  the  "site.  A  truck 
scale  may  be  required.  Fencing  may  be  worthwhile  to  assist  policing.  Drainage  of  track, 
driveway  and  parking  area  must  be  considered.  Communication  facilities  within  and  be- 
yond the  operation  area  should  be  provided  for  efficiency.  Facilities  for  repair  of  truck 
and  tie-down  equipment  may  be  required. 

Report  on  Assignment   7 
Water  Front  Terminals 

W.  E.  Webster,  Jr.  (chairman,  subcommittee),  J.  F.  Chandler,  W.  H.  Goold,  J.  E.  Hov- 
ing,  F.  S.  King,  A.  S,  Krefting,  T.  F.  Malonev,  Jr.,  H.  J.  McNallv,  A.  J.  Neighbour, 
B.  G.  Packard,  W.  H.  Pollard,  H.  T.  Roebuck,  J.  J.  Tibbits,  J.  W.  Tucker,  C.  E. 
Zeman. 

Your  committee  presents  as  information  the  following  report  on  the  general  cargo 
piers  and  wharves  phase  of  its  assignment  on  water  front  terminals: 

General  Cargo  Piers  and  Wharves 

Railroads  in  handling  import,  export  and  intercoastal  traffic  serve  general  cargo 
piers  and  wharves.  Many  of  these  facilities  were  constructed  prior  to  World  War  II  and 
are  approaching  obiolescence.  The  trend  in  the  maritime  industry  toward  the  use  of 
larger  ships,  the  spiraling  increase  of  labor  cost,  and  the  necessity  for  the  operator  to 
reduce  handling  costs  demands  the  ultimate  in  operational  efficiency.  Many  of  the  exist- 
ing general  cargo  piers  or  wharves  are  not  adaptable  to  full  utilization  of  modern-day 
handling  and  transportation  methods.  This  report  sets  forth  some  of  the  stand- 
ards and  criteria  being  used  by  port  planners  and  designers  to  meet  current  and  future 
requirements. 
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FIGURE        I 

NORFOLK   AND  WESTERN    RAILWAY  CO. 
PIER      "N" 
LAMBERT     POINT    ,   VA . 
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The  site  would  hive  unrestricted  marine,  railroad,  and  highway  access.  The  site  and 
the  approaches  should  be  free  of  a  type  of  development  which  will  create  future  extreme 
congestion  in  any  of  these  three  transportation  media.  There  should  be  sufficient  land 
area  for  future  development  as  well  as  for  current  requirements.  Both  the  site  and  facil- 
ity should  offer  flexibility  to  meel  the  ever  changing  transportation  picture.  For  example. 
there  arc  various  container-type  operations  now  in  limited  use;  if  there  is  an  expansion 
of  these  operations,   they   will   have  a   considerable  effect  on  area  requirements. 

All  construction  should  be  of  a  fire-resistant  type  and  should  be  designed  with 
allowance  for  "blast  effect"  to  minimize  loss  of  life,  property  damage  and  utility  in  the 
event  of  harbor  fires  or  explosions. 

General  cargo  terminal  facilities  may  be  constructed  on  a  finger-pier  layout  or  on  a 
marginal-wharf  layout.  For  railroad  operation  it  is  generally  considered  that  the  finger- 
pier  layout  is  more  efficiently  operated  in  that  it  permits  the  construction  of  a  depressed 
track  area  for  the  full  length  of  a  pier.  A  greater  number  of  cars  can  be  spotted  with  a 
minimum  of  yard  switching.  The  finger-pier  arrangement  also  requires  less  shoreline 
space  per  berth,  but  requires  adequate  width  of  waterway.  From  a  trucking  standpoint 
the  marginal  wharf  is  considered  best  because  a  trucking  dock  can  readily  be  provided 
for  the  full  length  of  the  wharf.  Factors  that  enter  into  the  determination  of  the  type 
of  layout  are  spaciousness  of  the  site,  state  of  development,  established  pier  and  bulk- 
head lines. 

Berths  should  be  capable  of  accommodating  the  larger  general  cargo  ships  in  service 
today  and  those  contemplated  in  the  future.  It  is  considered  that  550  to  600  ft  length 
per  berth  is  a  basic  requirement.  Slips  between  piers  should  have  a  minimum  width  of 
300  ft  and  adjacent  slips  a  minimum  of  200  ft.  With  the  exception  of  locations  on 
waterway  channels  of  restrictive  depths,  these  slips  should  be  dredged  to  a  minimum 
depth  of  30  ft  with  provisions  for  an  ultimate  depth  of  35  ft. 

Modern  piers  and  wharves  have  aprons  at  the  berth  face  of  40-  to  50-ft  widths 
equipped  with  traveling  gantry  cranes  to  handle  cargo.  At  least  two  surface  railroad 
tracks  per  apron  are  usually  provided  for  direct  transfer  of  freight  between  rail  cars 
and  ships. 

Transit  sheds  should  provide  sufficient  space  to  permit  simultaneous  storage  of  in- 
coming and  outgoing  cargo.  A  minimum  of  90,000  sq  ft  of  floor  area  per  berth  in  the 
covered  portion  is  the  accepted  standard.  This  00,000  sq  ft  requirement  is  based  on  ex- 
perience of  500,000  cu  ft  of  cargo  for  each  berth.  Most  of  the  cargo  will  be  palletized 
and  stacked  three  tiers  high  reaching  a  height  of  15  ft.  Allowing  for  the  thickness  of  the 
pallets,  the  net  height  will  be  about  uy2  ft,  resulting  in  36,000  sq  ft  of  floor  area  for 
storage;  this  figure  is  increased  25  percent  to  45,000  sq  ft  to  allow  for  short  stacks  and 
broken  lots.  An  additional  45,000  sq  ft  is  required  for  aisles  and  driveways.  Depressed 
track  wells  and  truck  docks  to  facilitate  loading  and  unloading  of  rail  cars  and  motor 
trucks  and  trailers  are  usually  provided.  If  the  track  wells  are  provided,  lift  bridges  are 
required  for  the  fork  lift  trucks,  tractors  and  other  mechanical  handling  equipment. 
The  sheds  are  of  one-story  construction  since  vertical  transportation  impairs  opera- 
tional efficiency.  To  accommodate  the  aprons,  transit  sheds,  depressed  track  wells,  and 
driveways,  the  modern  pier  will  have  a  width  of  400  to  500  ft. 

The  pier  side  supporting  facilities  include  paved  access  roads,  warehouses,  open 
storage  areas  and  railroad  storage  yards.  The  capacity  of  the  railroad  storage  yard  de- 
pends upon  the  following  factors:  (1)  frequency  of  berthings,  (2)  percentage  of  cargo 
(both  incoming  and  outgoing)   that  will  be  shipped  by  rail,  (3)  class  of  cargo. 
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Fig.  1  is  a  sketch  of  Norfolk  &  Western  Railway  Company's  Pier  "N"  at  Lambert 
Point,  Va.  Although  it  was  constructed  in  the  late  I940's,  this  facility  approaches  the 
>i  mil  irds  of  the  modern  pier. 

Report  on  Assignment  8 
Present  Trends  in  Yard  Maintenance 

C.   J.   Morris    (chairman,   subcommittee),   R.   F.   Heck,   A.  E.   Biermann,   E.   G.   Brisbin, 

B.  E.    Buterbaugh,   A.   V.    Dasburg,   H.    C.    Forman,   W.    H.   Goold,   C.   A.   H  gen, 

C.  W.  Hamilton,  D.  C.  Hastings,  F.  A.  Hess,  F.  S.  King,  A.  S.  Krefting,  B.  Lauben- 
fels,  J.  L.  Loida,  T.  F.  Malonev.  R.  F  Moris,  A.  G.  Neighbour,  R.  H.  Peak, 
W.  H.  Pollard,  L.  J.  Riekenberg,  R.  E.  Robinson,  L.  R.  Shellenbarger,  F.  R.  Smith, 
P.  P.  Wagner.  W.  E.  Webster. 

The  preliminary  report  on  Pre-ent  Trends  in  Yard  Maintenance  contained  in  Bulletin 
553,  November  1959,  pages  267-268,  (Proceedings,  Vol.  hi),  indicates  that  improved 
maintenance  of  yard   tracks  is   being  accomplished   by: 

(a)  Use  of  better  track  materials. 

(b)  Increased  mechanization  of  maintenance  operations. 

(c)  More  programming  of  maintenance  work. 

(d)  Better  deployment  of  yard  maintenance  forces. 

(e)  Fuller  cooperation  from  operating  personnel. 

This  report  elaborates  on  the  first  two  of  the  above  items.  The  remaining  three 
items  will  be  covered  in  a  subsequent  report. 

USE  OF  BETTER  TRACK  MATERIALS 

1.  Ballast 

Cinders,  which  were  available  at  handling  cost  and  which  were  reasonably  satisfac- 
tory as  a  ballast,  had  traditionally  been  used  for  the  ballasting  of  yard  tracks.  Conver- 
sion to  diesel  power  terminated  the  availability  of  this  material  and  of  necessity  re- 
quired the  use  of  commercial  ballast.  Also,  more  exacting  requirements  for  support  of 
tracks,  particularly  through  speed-control  devices  and  power  switches,  as  well  as  the 
economic  necessity  of  reducing  maintenance  labor  costs  in  yards,  have  accelerated  the 
trend  to  use  better  ballast  in  the  maintenance  of  yard  tracks. 

Ballast  of  the  quality  used  on  important  main  lines  and  comprising  stone,  prepared 
gravel,  chats,  blast  furnace  slag  and  other  durable  materials  is  being  used  on  yard  leads, 
ladders,  thoroughfare  and  other  important  tracks.  Gravel  and  sand-gravel  mixtures  are 
being  used  on  other  tracks.  These  types  of  ballast  are  superior  to  cinders.  They  provide 
gocd  drainage,  hold  the  track  to  good  line  and  surface,  minimize  the  skewing  of  ties 
and  thus  reduce  maintenance  costs  substantially. 

Along   lead-,   ladders   and    in   inter-track   areas   where   -watchmen   and   others   work   on 

foot,  a  (op  dressing  of  fine  crushed  rock  !a  to  J  i  in  size,  slag  screenings,  or  road  gravel 
i-  being  applied  to  provide  suil  ible  walkways. 

2.  Ties 

The  trend  is  to  use  standard  nuin-line  made  Heated  cross  ties  S  or  0  in  wide  in 
lead,  ladder  and  important  running  Haik-  Generally,  grade  1  and  2  cross  ties  are  being 
used  in  bod)  tra<  k- 

To  provide  good  support  through  turnout  area-  the  trend  i>  I"  use  7  \>\  9  in 
treated  switch  lies  These  are  superior  to  the  7  bj  8  in  size  which  former!)  was  the  most 
commonh   used 
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3.  Rail 

There  is  a  definite  trend  to  -elect  rail  of  the  weight  used  on  heavy  traffic  main  lines 
for  yard  leads,  ladders  and  running  tracks  of  important  yards.  Commonly,  rail  weights 
of  US  to  112  lb  are  used.  Some  roads  are  using  weights  up  to  152  lb.  Occasionally  the 
rail  used  is  new,  otherwise  it  is  the  very  best  second-hand  main-line  relay  rail  available. 
The  heavier  rail  is  superior  to  the  lighter  sections  formerly  used  from  the  standpoint  of 
maintenance  of  line  and  surface,  and  it  requires  less  frequent  renewal  because  of  its  bet- 
ter wearing  qualities. 

Second  hand  rail  released  from  main  and  branch  line  relays,  branch  line  abandon- 
ments, etc.  is  being  used  for  the  maintenance  of  body  tracks.  Of  necessity,  if  not  by  de- 
sign, heavier  rail  sections  are  being  used  in  these  tracks  because  of  available  supplies. 
Many  roads  are  replacing  90  lb  or  lighter  rail  in  body  tracks  on  a  progressive  basis  with 
a  view  to  reducing  the  size  of  yard  gangs. 

Continuous  welding  of  rail  in  body  tracks  and  in  yard  leads  is  being  undertaken  in 
some  yards  to  eliminate  the  problem  and  expense  of  maintaining  joints  under  traffic. 
Sufficient  quantities  of  continuous  rail  have  not  been  in  service  in  yards  for  a  long 
enough  period  of  time  to  indicate  definitely  that  welding  will  become  common  practice. 

4.  Turnouts 

There  is  a  strong  trend  toward  the  use  of  solid  manganese  self-guarded  frogs  in 
yards  because  they  have  a  much  longer  life  than  frogs  of  bolted  rail  construction  which 
have  heretofore  been  the  standard.  This  new  type  of  frog  is  much  less  susceptible  to 
damage  by  derailed  equipment.  It  was  not  satisfactory  for  use  with  certain  types  of 
steam  power,  and  this  would  appear  to  be  the  principle  reason  that  its  use  did  not  be- 
come widespread  many  years  ago. 

Generally  No.  8  and  No.  °  turnouts  with  15-ft  and  16^-ft  switch  points  are  being 
used.  Fairly  wide  use  is  being  made  of  flange-contact  and  rim-contact  switch-point  pro- 
tectors at  locations  where  point  wear  would  otherwise  be  heavy.  To  a  lesser  extent 
manganese-tipped  and  heat-treated  points  are  being  used  to  reduce  the  rate  of  point 
wear. 

There  is  a  trend  toward  the  use  of  automatic  switch  stands  which  reduce  the  damage 
caused  by  run-throughs. 

Both  oil  and  graphite  are  being  used  for  the  lubrication  of  switches,  with  a  gradu- 
ally wider  acceptance  of  graphite. 

There  is  a  definite  trend  to  electrify  switch  lights  using  a-c  power,  or  where  this 
is  not  available,  battery  power.  Some  roads  have  eliminated  the  necessity  of  switch  light- 
ing on  ladder  tracks  by  adequate  floodlighting.  There  is  a  fairly  strong  trend  towards 
the  use  cf  reflectorized  materials  on  switch  stand  targets. 

While  oil  pots  are  still  used  extensively  for  snow  removal  in  switch  point  areas, 
there  is  a  rapid  increase  in  the  use  of  electric,  propane  and  gas-burning  heaters  as  well 
as  some  installations  of  air  blowers. 

5.  Tie  Plates  and  Pads 

The  trend  is  to  tie  plate  all  ties  using  good  second-hand  material  released  from  main- 
line relay  programs.  Double-shoulder  plates  are  being  used  on  lead,  ladder  and  other  im- 
portant tracks.  Generally,  because  of  availability,  single-shoulder  plates  are  being  used 
on  body  tracks.  A  few  roads  are  using  fabric  or  rubber  tie  pads  under  turnout  and  frog 
plates,  principally  on  a  trial  basis. 
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INCREASED  MECHANIZATION  OF  MAINTENANCE  OPERATIONS 

Increasing  costs  oi  labor  and  materials  without  corresponding  increases  in  railwaj 
earnings  have  necessitated  an  acceleration  in  mechanizing  yard  maintenance  operations  to 
permit  essential  work,  to  be  performed  within  restricted  budget  allotments.  Generally, 
work  equipment  which  had  been  used  successfully  for  main-line  maintenance  was  con- 
sidered too  cumbersome  for  use  in  yards.  However,  of  necessity,  it  has  had  to  be  used 
in  yard  maintenance  in  recent  years  and  has  been  proven  to  be  reasonably  well  suited, 
particularly   where  yard  conditions  warranted  out-of-face  maintenance. 

Most  roads  have  acquired,  at  the  most,  only  sufficient  work  equipment  to  handle 
main-line  maintenance  during  the  normal  work  season;  consequently,  its  use  in  yards  has 
been  limited  for  the  most  part  to  an  as-and-whetwivailable  basis.  The  important  point, 
however,  is  that  work  equipment  designed  for  line  use  has  proven  fairly  adaptable  for 
yard  use  and  has  permitted  better  maintenance  to  be  performed  at  lower  cost.  It  follows 
that  the  trend  to  mechanize  will  continue  to  accelerate,  that  present  road  machines  will 
be  modified,  where  required,  to  improve  their  adaptability  to  yard  use,  and  that  the 
procuring  of  additional  necessary  machines  can  be  justified  on  the  basis  of  proven 
economies. 

In  many  yards  track  lining  and  surfacing,  rail  laying  and  renewing  of  ties  is  being 
performed,  where  there  is  sufficient  work  for  out-of-face  operations,  using  conventional 
work  equipment  such  as:  track  liners  with  mechanical  line  indicators,  tamping  jacks  with 
mechanical  surface  indicators,  multiple  tampers,  ballast  distributors,  spike  pullers,  tie 
saws  and  extruders  or  tie  pullers,  tie  bed  scarifiers,  tie  inserters,  adzers,  spike  drivers, 
power  saws  and  drills  and  cranes.  Generally,  two  tracks  must  be  taken  out  of  service 
to  permit  use  of  this  equipment.  Where  conditions  permit,  some  operating  officers  will 
allow  the  work  equipment  to  be  left  over  night  on  the  tracks  being  worked  so  as  to 
eliminate  delays  which  would  otherwise  occur  if  the  equipment  had  to  be  moved  to  a 
storage  track  at  beginning  and  end  of  shift. 

The  changing  out  of  turnout  parts  is  being  handled  quicker  by  use  of  cranes  or 
truck-mounted  hoists  which  handle  and  place  heavy  parts.  Mobile  electric  and  acetylene 
welding  equipment  is  being  used  for  field  welding  of  frogs  and  points.  A  number  of  roads 
handle  the  rehabilitation  of  frogs  and  switches  at  centralized  repair  shops.  At  some  shops 
heat  treating  and  flame  hardening  is  being  performed  and  explosive  hardening  is  being 
experimented  with. 

Cleaning  yards  of  droppings  of  sand,  coal,  ore,  and  other  debris  is  handled  by  use 
of  mechanical  yard  cleaners  and  loaders,  rotary  brooms,  and  on-and-off  track  cranes, 
Where  possible,  materials  are  removed  to  below  base-of-rail  level  to  prevent  corrosion  ol 
the  metal. 

Vegetation  control  is  maintained  through  machine  application  of  liquid  and  dry 
granular  chemicals,  usin<;  either  company-owned  or  supplier's  equipment,  .1-  well  as  bj 

use   of   weed   burner-. 

Snow  removal  work  is  being  performed  to  a  large  extent  by  use  oi  propane  or  gas- 
burning  .-witch  heaters,  electric  switch  heaters,  snow  blowers,  weed  burners,  yard  cleaners. 
bulldozers  and  front  end  loaders  as  well  as  by  tin  older  method  ol  using  plow-,  spreaders 
and  oil  pot-  To  assisl  iu  this  respecl  one  road  is  spreading  -ah  along  lead.-,  switches 
ami   roadways  using  mechanical  spreaders  mounted  on  dump  trucks,  and  has,  with  .1 
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motor-driven  earth  auger,  sunk  22-in-diameter  holes  about  5  ft  deep  and  backfilled  with 
coarse  ballast  adjacent  to  the  headblock  of  switches  to  provide  better  drainage  and 
avoid   the  freezing  of   surface  water  in  the  switches. 

A  great  advance  has  been  made  in  providing  better  transportation  of  men  and  ma- 
terials by  the  furnishing  of  pick-up,  stake  and  dump  trucks  to  yard  forces.  Substantial 
economies  have  resulted  in  most  large  yards  where  this  type  of  transportation  has  sup- 
planted to  a  very  large  extent  the  use  of  track  motor  cars  and  trailers. 
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Commit  tic 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report  on  the  review  of  Chapter  6,  including  recommendations  for 
new  specifications  for  roof  flashing,  and  revision,  deletion,  and  reapproval 
of  specific  existing  documents  in  the  Manual,  submitted  for  adoption   page  288 

2.  Specifications  for  railway  buildings. 

Report   on  Specifications  for  Concrete  Masonry   Walls  recommended   to   lie 

adopted  and  included  in  the  Manual    page  308 

3.  Prefabricated  metal  buildings  for  railway  use. 

Final   report,  presented  as  information    page  3 1  I 

4.  Wind  loading  for  railway  building  structure.-. 

Progress   report,  presented  as   information    page  321 

6.  Modernization  of  power  plants  and  heating  systems  for  railway   buildings. 

Fin  I    report,   submitted   as   information    pap 

7.  New    structural  systems  for  railway  buildings. 

Fin  i]  report,  submitted  a-  information    page  32 1 

8.  I nii.i  red  ray  heating,  collaborating  with  Electrical  Section,  AAR 

Progress  report,  submitted  as  inform aiton   page   J3I 

THE  Commit  n  E  on   Bun  MN0S, 

S.  <;    Urban,  Chairman 

\R|  \  Bulletin  ^n.  November 
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Report  on  Assignment   1 

Revision  of  Manual 

W.  G.  Harding  (chairman,  subcommittee),  J.  H.  Adams,  Jr.,  C.  M.  Angel,  F.  R.  Bart- 
lett,  S.  M.  Bielski,  R.  R.  Cahal,  D.  W.  Converse,  J.  S.  Cooper,  R.  L.  Fletcher, 
I.  G.  Forbes,  C.  S.  Graves,  J.  W.  Hayes,  J.  F.  Hendrickson,  W.  C.  Humphreys, 
S.  E.  Kvenberg,  H.  J.  Lieser,  J.  D.  Moore,  Jr.,  W.  C.  Oest,  W.  H.  Pahl,  Jr.. 
J.  B.  Schaub,  J.  T.  Schoener,  Loren  Shedd,  R.  C.  Smith,  R.  C.  Turnbell,  J.  W. 
Westwood 

During  the  past  year,  your  committee  has  been  reviewing,  bringing  up  to  date  and 
adding  to  the  specifications  of  Chapter  6  so  that  when  the  proposed  reprinting  of  the 
Manual  is  undertaken  in  1962,  the  majority  of  Chapter  6's  specifications  will  be  mod- 
ernized. In  accordance  with  the  trend  of  the  times  we  have  found  it  desirable  to  delete 
several  specifications  that  deal  primarily  with  steam  motive  power. 

The    specific    recommendations   of   your    committee,   in    chronological    order,   are   as 
follows: 
Pages  6-9-19  to  6-9-25,  incl. 

CEMENT    GROUTED    PLATFORMS,    FLOORS,    PAVEMENTS 

AND  PAVEMENT  BASES 
Delete. 

Pages  6-9-26   to  6-9-30,   incl. 

WOOD  BLOCK  PAVING  AND  FLOORING 

Delete,  substituting  therefor  the  following: 

WOOD   BLOCK  FLOORING  AND  PAVING   (FOR  WEATHER 
PROTECTED  AREAS) 

1.  General 

The  contractor  shall  furnish  all  labor,  materials,  tools  and  equipment,  except  as 
otherwise  noted,  necessary  to  complete  in  its  entirety  the  wood  block  floors  (or  pave- 
ments in  protected  areas)   as  hereinafter  specified  and  as  indicated  on  the  drawings. 

2.  Description 

The  floor  shall  consist  of  a  subgrade.  a  concrete  base  and  a  wearing  course  of  wood 
blocks  laid  over  a  pitch  paint  coat  which  is  to  be  applied  to  the  base  after  it  has  been 
primed. 

3.  Subgrade  and  Base 

The  subgrade  (if  one  is  required  to  be  made  by  compaction)  and  base  shall  be  so 
designed  as  to  be  of  sufficient  strength  to  carry  the  loading  to  be  imposed  on  the  floor, 
(or  paving),  and  the  base  shall  be  constructed  of  concrete  meeting  the  current  concrete 
specifications  of  the  AREA  for  railway  buildings  as  given  in  Part  4  of  this  Chapter.  The 
concrete  base  shall  be  finished  smooth  and  level  (a  smooth  wood  float  finish  will  be 
satisfactory)  exactly  the  depth  below  finished  floor  level  corresponding  with  the  depth 
of  the  block  used. 
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If  transverse  expansion  joints  are  used  in  the  base,  the  joint  material  shall  be  left 
far  enough  below  the  surface  of  the  concrete,  so  that  when  expansion  of  the  concrete- 
occurs,  the  expansion  joint  material  will  not  be  forced  above  the  surface  and  raise  the 
blocks  above  the  finished   floor  level. 

3  (a).  Curb  and  Gutter  for  Paving  (Optional) 

It  is  not  recommended  that  wood  block  be  used  for  outside  paving  exposed  to  the 
elements.  However,  where  such  is  found  necessary,  the  following  shall  apply: 

The  curb  and  gutter  shall  be  built  in  the  location  and  to  the  elevation,  sizes  and 
cross  section  shown  on  the  drawings. 

All  materials  and  workmanship  shall  comply  with  the  specification  for  concrete 
given  in  Part  4  of  this  Chapter. 

4.  Kind   of  Timber 

The  wood  blocks  shall  be  pressure-creosoted  and  shall  be  manufactured  from  air- 
seasoned  or  kiln-dried  southern  yellow  pine,  oak  or  other  wood  to  be  approved  by  the 
engineer  or  architect.  Only  one  species  of  wood  shall  be  used  in  any  one  contract  or 
order  unless  otherwise  shown  on   the  drawings. 

5.  Quality  of  Blocks 

The  blocks  shall  be  sound;  shall  be  well  manufactured  and  of  a  type  (square 
butted  and  square  edged,  beveled  corner  or  beveled  lugged  as  approved  and  selected  by 
the  engineer  or  architect)  ;  shall  be  free  from  unsound,  loose  or  hollow  knots,  knot  holes, 
worm  holes  or  other  defects  (other  than  season  checks),  that  would  be  detrimental  to 
the  blocks. 

All  blocks  shall  have  only  end  grain  showing  on  both  top  and  bottom  surfaces. 
Wood  blocks  with  two  annular  rings  per  inch  and  less  when  measured  over  third,  fourth 
and  fifth  in  from  the  center  of  the  pith  shall  not  be  acceptable. 

6.  Size  of  Blocks 

All  blocks  shall  be  ...  in.  in  depth,  and  2l/2  to  4  in.  in  width  and  Al/2  to  °  in 
in  length,  but  only  one  width  shall  be  furnished  throughout  the  job.  A  variation  of 
iV   in  shall  be  allowable  in  depth  and  %  in.  in  width  of  blocks  furnished. 

(For  ordinary  shop  or  light  traffic  operations,  a  2-in  depth  is  satisfactory.  A  2]/i-'m 
block  is  generally  used  where  traffic  is  particularly  heavy  or  where  heavy  weights  or 
castings  are  dropped  on  the  floor.  Blocks  3  in.  in  depth  are  recommended  for  loading 
platforms  and  uncovered  areas.  For  aisles  or  heavy  traffic  areas,  oak  should  be 
specified.) 

7.  Preservatives  and  Preservative  Treatment 

The  preservatives  used  shall  be  either  creosote-coal  tar  solution,  grade  1  creosote  or 
other  approved  creosote  oil. 

Blocks  shall  be  treated  with  standard  empty  cell  (Lowry  or  Reuping)  process  or 
other  process  meeting  the  requirements  of  the  latest  specifications  as  adopted  by  the 
American  Wood  Preservers'  Association  and  leaving  at  least  6  pounds  of  oil  per  cubi< 
foot   of   timber   in   the   blocks. 

The  manufacturer  shall  submit  a  certificate  to  the  engineer  or  architect  stating  that 
the  blocks  comprising  each  shipment  comply  with  the  above  requirements 
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8.  Penetration  of  Preservative 

When  deemed  necessary  by  the  engineer  or  architect,  the  following  inspection  test 
of  blocks  may  be  required  to  see  if  satisfactory  penetration  by  the  preservative  has 
been  obtained: 

At  least  25  blocks  shall  be  selected  from  the  shipment  and  sawed  in  half  perpen- 
dicular to  the  grain  through  the  center,  and  if  more  than  one  of  these  blocks  show 
untreated  sapwood,  the  entire  shipment  may  be  rejected. 

Inspection  may  be  made  at  manufacturers  plant,  if  deemed  necessary  by  the  engineer 
or  architect. 

9.  Base  Coats  for  Laying  Blocks 

The  concrete  base  shall  be  thoroughly  cured  and  shall  be  cleaned  of  dust  and  dirt 
before  application  of  base  coats.  Any  projections,  ridges  or  waves  in  the  concrete  that 
will  form  an  uneven  bearing  for  the  blocks  must  be  removed  by  use  of  carborundum 
block  or  other  common  practice  method. 

(a)  After  the  base  has  been  cleaned,  it  shall  be  primed  with  a  priming  oil  recom- 
mended for  such  use  and  which  has  been  approved  by  the  engineer  or  architect.  It  shall 
be  applied  in  accordance  with  manufacturers  recommendation  and  allowed  to  dry. 

(b)  After  the  priming  oil  has  dried,  the  base  shall  be  coated  with  a  uniform  coat- 
ing of  coal  tar  pitch  having  a  melting  point  between  140  deg  F  and  155  deg  F.  The 
pitch  shall  be  applied  at  the  rate  of  approximately  4  lb  per  sq  yd  and  not  exceeding 
Y%   in.   in   thickness.   This   coating  shall  be   allowed  to  harden  before  laying   the   blocks. 

10.  Laying  Blocks 

(a)  The  contractor  shall  furnish  and  lay  wood  blocks  supplied  by  a  manufacturing 
firm  which  has  been  approved  by  the  engineer  or  architect.  If  so  stated  in  the  proposal, 
all  blocks  shall  be  laid  under  the  supervision  of  the  manufacturer.  Plans  shall  indicate 
where  floors  are  interior  and  normally  dry,  subject  to  water  or  high  humidity,  exposed 
shipping  docks,  loading,  and  driveway  or  outdoor  paving. 

(b)  Floors  not  exposed  to  high  humidity,  and  not  exposed  to  outside  shall  have 
blocks  laid  tightly  together  with  the  grain  vertical  and.  wherever  pcssible.  with  their 
length  at  right  angles  with  the  line  of  traffic.  The  courses  of  the  blocks  shall  be  kept 
straight  and  parallel,  and  all  joints  shall  be  broken  by  a  lap  of  at  least  ll/2  in.  A  1-in 
expansion  joint,  of  a  type  recommended  by  the  block  manufacturer  and  approved  by 
the  engineer  or  architect,  shall  be  provided  against  all  sides  of  the  floor  and  around 
all  columns  and  other  obstructions  projecting  through  the  floor. 

(c)  When  blocks  are  to  be  laid  in  floors  having  high  humidity,  outside  docks,  out- 
side drives  or  paving,  they  shall  be  laid  with  uniform  joint  spacing  both  ways,  and  the 
blocks  shall  not  be  tightly  driven  up  for  any  purpose.  Joints  to  be  of  uniform  spacing 
but  not  to  exceed   i3g   in.  Expansion  joints  shall  be  provided  as  specified  in   (b)   above. 

(d)  After  the  blocks  have  been  laid  in  place  and  brought  to  a  true  and  level  sur- 
face by  tamping,  rolling  or  other  approved  method,  the  surface  shall  be  flushed  over 
carefully  with  pitch  filler  (filler  to  be  that  which  is  recommended  by  block  manufac- 
turer and  having  approval  of  the  engineer  or  architect),  said  filler  to  be  applied  just 
below  the  boiling  point.  Care  must  be  taken  in  its  application  to  leave  a  clean  surface. 
In  the  case  of  blocks  used  in  paving  or  outside  platforms  and  where  such  blccks  have 
been  spaced  with  open  joints  and  after  a  period  of  at  least  2  hr  to  allow  the  first 
application    of   filler   to   settle   and   cool,   a   second   application   of  pitch   filler    (or   other 
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patented  filler  recommended  by  the  block  manufacturer;,  shall  be  applied  and  worked 
into  all  joints  and  spaces  by  the  use  of  rubber-blade  squegees  so  as  to  leave  all  joints 
completely   filled  and  a   minimum  of  coal   tar  binder  on  the  block  surface. 

11.  Tests 

When  deemed  necessary,  the  engineer  or  architect  may  request  a  sample  of  either 
the  primer,  pitch  filler,  or  expansion  joint  to  be  analyzed  by  the  railroad's  engineer  of 
tests  or  chemist.  Should  such  analysis  indicate  the  material  to  be  of  inferior  quality  or 
not  to  be  as  represented  by  the  manufacturer,  this  material  packaged  under  a  particular 
trade  name  or  brand  shall  not  be  used  on  the  work. 

12.  Guarantee 

It  is  hereby  understood  and  agreed  that  the  contractor  shall  guarantee  the  materials 
furnished  and  used  and  the  workmanship  employed  in  the  construction  of  said  work 
shall  be  of  such  quality  and  character  as  to  insure  the  same  to  be  free  from  all  defects 
and   to   remain  in  continuous  good  order  and  condition  satisfactory  to  the  engineer  or 

architect   as  above   set   forth   for  a   period   of    years.   The   guarantee  shall 

include  all  repairs  to  be  made  or,  if  necessary,  the  entire  reconstruction  of  the  work 
as  may  be  directed  and  without  additional  charge  or  cost  to  the  railroad  company. 

In  case  the  paving  or  any  part  thereof  is  on  public  property  where  city  ordinance 
or  other  ruling  requires  a  maintenance  bond,  the  contractor  shall  furnish,  within  10 
days  after  the  contract  is  let,  a  good  and  satisfactory  bond  in  the  ?  mount  stated  in  the 
general  contract  to  maintain  that  portion  of  the  work  on  said  public  property  as  covered 
by  this  contract  at  the  finished  line  and  grade  for  a  period  of  years  as  required  by 
ordinance  or  ruling. 

13.  General  Conditions 

All  materials  entering  into  the  work  and  all  methods  used  by  the  contractor  shall 
be  subject  to  the  approval  of  the  engineer  or  architect,  and  no  part  of  the  work  will 
be  considered  as  finally  accepted  until  all  the  work  is  completed  and  accepted. 

The  General  Conditions  as  given  in  Part  1.  this  Chapter,  shall  be  considered  to 
apply   with   equal   force  to   this  specification. 

Pages  6-10-10  to  6-10-13,  incl. 

BUILT-UP   ROOFING  AND   FLASHING— GENERAL   INFORMATION 

On  page  6-10-12,  add  new  x\rt.  9.  Flashings,  as  follows,  redesignating  present  Arts,  o 
and   10  as  Arts.   10  and   11,  respectively. 

9.  Flashings 

General 

Rergardless  of  how  good  a  roof  job  may  be.  nothing  detracts  from  the  appearance 
or  makes  so  bad  an  impression  as  an  irregular  flashing  line.  To  make  a  neat  Bashing 
jub.  it  is  necessary  to  use  a  chalk  line.  For  instance,  when  16-in-wide  flashing  is  to  be 
used,  12  in  of  which  will  be  cemented  to  the  wali  and  4  in  run  out  on  the  roof,  strike 
a  chalk  line  on  the  wall  IS  in  above  the  roof  deck;  prime  to  this  line  cement  flashing 
in  place,  nail  and  apply  flashing  cement,  keeping  it  just  below  the  line.  The  coating 
>hall  be  applied   from  the  roof  line  up  and  over  the  cement  cap  to  the  line. 

Low  spots  where  snow,  ice  and  rainwater  concentrate  are  usually  found  along 
parapet  walls,  curbs  or  other  places  when-  flashing.-,  are  installed.  Inadequate  or  fault) 
construction  at  these  vital  points  opens  the  way  to  troublesome  leak-  and  costly  repair-. 
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The  flashing  shall  be  installed  by  the  roofing  contractor  at  the  same  time  that  he 
applies  the  roofing  so  that  the  roofing  contractor  shall  be  responsible  for  the  complete 
roof,  including   the   flashing  construction. 

The  following  instructions  apply  to  both  gravel-surfaced  and  smooth-surfaced 
Built-Up  Roofs. 

Roof  Decks — Condition,  Requirements  and  Preparation 

All  parapet  walls  shall  be  inspected  before  work  is  started,  as  the  success  of  a 
flashing  is  largely  dependent  upon  the  proper  construction  of  the  parapet. 

All  decks  shall  have  cants  installed  in  the  angle  formed  by  the  roof  deck  and 
adjoining  roof  surfaces. 

Where  parapets  are  constructed  of  concrete,  suitable  nailing  strips  shall  be  cist  in 
the  concrete  for  securing  the  base  flashing. 

Wall  and  Curb  Construction 

Walls  and  other  intersecting  surfaces  frequently  are  the  source  of  leaks.  The  com- 
mon faults  encountered  are  inferior  quality  of  brick  or  concrete  used  in  constructing 
the  walls;  poor  mortar  or  faulty  pointing  of  brick  joints;  broken  copings;  faulty  point- 
ing of  joints  in  copings  and  sometimes  the  entire  omission  of  copings. 

Whenever  water  enters  a  building  anywhere  above  ground  level,  the  roofing  or 
flashing  are  generally  blamed,  but  without  question  many  such  leaks  can  be  traced  to 
defective  wall  construction. 

Parapets,  except  those  with  metal  through  wall  flashing,  should  preferably  be  con- 
structed with  a  damp-proof  course,  extending  to  within  2  in  of  the  outer  face  of  the 
wall.  The  parapet  wall  should  not  exceed  2  ft  6  in.  in  height. 

Fire  walls  should  be  flashed  up  both  sides  and  over  the  top  of  the  wall. 

Walls  constructed  of  ordinary  hollow  tile,  concrete  blocks  or  other  materials,  which 
in  themselves  are  not  waterproof,  shall  not  be  accepted  as  suitable  to  receive  flashing 
unless  they  are  to  be  covered  with  stucco  or  other  weatherproof  covering. 

Wood  framed  walls  shall  not  be  accepted  to  receive  flashing  unless  suitable  solid 
backing  for  the  flashing  is  provided.  Flashing  of  such  walls  shall,  in  all  cases,  be  installed 
so  that  wall  sheathing  will  finish  over  such  flashing. 

Handling  and  Storing  of  Materials 
All  materials  shall  be  kept  dry  and  clean. 

In  cold  weather,  plied  felts  shall  not  be  thrown  or  dropped,  as  the  shock  of  impact 
may  fracture  the  asphalt  between,  thus  separating  the  plies. 

Application 

All  felts  comprising  the  built-up  roof  shall  be  laid  before  the  flashing  is  applied. 
They  shall  be  turned  up  2  in  on  but  not  cemented  to  all  vertical  surfaces  to  be  flashed. 

The  entire  surface,  brick  or  concrete,  to  which  flashing  is  to  be  applied  shall  be 
primed  with   concrete  primer,  which  shall  be  allowed  to  dry. 

Any  metal  to  which  asphalt  is  to  be  applied  shall  also  be  primed. 

Where  flashing  is  to  be  used  in  conjunction  with  a  gravel-surfaced  roof,  all  flashings 
shall  be  installed  before  gravel  or  slag  is  applied. 

Lay  the  flashing  material  flat  on  the  roof,  with  the  fabric  side  up.  Mop  with  hot 
asphalt  to  soften  it.  To  the  wall  or  surface  to  receive  the  base  flashing,  apply  a  hot 
mopping  of  asphalt  and  embed  the  flashing  into  this  mopping  with  the  fabric  side  next 
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to  the  wall  not  less  than  6  in  high  on  the  vertical  surface  and  not  less  than  4   in   on 
the  roof,  pressing  it  in  place  so  as  to  leave  no  voids,  blisters  or  wrinkles 

Do  not  attempt  to  bend  base  flashing  before  softening  by  means  of  the  hot  asphalt. 

The  roof  flange  of  all  base  flashings,  either  metal  or  felt,  shall  be  felt-stripped.  In 
the  case  of  felt  flashing,  one  layer  of  asbestos  felt  4  in  wide  shall  be  used  for  stripping. 
In  the  case  of  metal  base  flashing,  not  less  than  two  layers  of  asbestos  felt,  8 
and   10  in   wide,  shall  be  used  for  stripping. 

Where    counter-flashing   extends   into    or    through    the    wall,    base    flashing   shall   be 
brought  up  to  the  point  where  such  counter-flashing  enters  the  wall. 
O 

Your  committee  recommends  for  adoption  and  publication  in  Part  10,  Chapter  6 
(following  page  6-10-29),  of  the  Manual  the  following  flashing  specifications. 

BASE  AND  CAP  FLASHING  NOT  LESS  THAN  8  IN  HIGH  (10-YEAR 

FLASHING   ENDORSEMENT)    FOR   USE   WITH   SMOOTH 

AND  GRAVEL-SURFACED  ROOFS 

1.  Materials 

Approximately  ICO  lin  ft  of  completed  flashing  can  be  constructed  with  the  fol- 
lowing materials: 

Fabric-reinforced  base   flashing    1^4  squares 

15-lb  asbestos  finishing  felt   (perforated)   4  in  wide   2  Rolls 

Asphalt   (190  deg  melting  points)    50  lb 

Concrete   primer    1  %  gal 

Flashing   cement    65  lb 

Surface   coating    y±  gal 

2.  Application 

The  specifications  for  Built-Up  Roofing  and  Flashing — General  Information,  Part 
10.   this   Chapter,   shall  be   considered  a  part  of  this  specification. 

Base  Flashing:  Strike  a  chalk  line  3  in  above  the  top  of  the  base  flashing  and 
prime  the  wall  to  this  line.  Allow  the  primer  to  dry. 

All  base  flashing  shall  be  applied  to  extend  not  less  than  6  in  high  on  the  vertical 
surfaces  and  not  le:~s  than  4  in  on  the  roof.  These  dimensions  shall  be  measured  from 
the  top  and  bottom  edges,  respectively,  of  cants,  coves  or  fillets. 

The  surface  of  the  roof  and  adjoining  surfaces  which  are  to  receive  the  base  flash- 
ing shall  be  mopped  with  asphalt  which  is  not  to  extend  above  the  top  of  the  base 
flashing. 

The  base  flashing  shall  then  be  mopped  on  the  fabric  side  with  asphalt  and  pressed 
immediately  into  place,  mailing  the  top  edge  into  brick  joints  or  wood  nailing  strips, 
at  not  to  exceed  4-in  centers  horizontally. 

The  ends  of  the  sheets  shall  be  lapped  not  less  than  3  in,  nailing  not  to  exceed 
4-in  centers  vertically,  cemented  and  covered  with  a  4-in  strip  of  felt  embedded  in  and 
coated  with  flashing  cement. 

The  edge  of  the  base  flashing  on  the  roof  shall  be  covered  with  a  4-in  felt  strip 
embedded  in  and  coated  over  with  asphalt  but  shall  not  be  nailed  to  the  deck. 

Cap  Flashing:  After  the  base  flashing  has  been  applied  as  described  above,  trowel 
on  a  layer  of  flashing  cement  5  in  wide  and  %  in  thick  to  completely  cover  the  nails 
in   the  top   of   the   base   flashing.   In   this  embed   a   4-in-wide  strip  of  felt,   over  which 
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Flashing 
Cement 


Fabric  Reinforced    J?J 
Base    Flashing 


Base  and  cap  flashing  not  less  than  8  in  high. 


apply  another  J^-in  troweling  of  flashing  cement.  Bring  the  cement   to  a   feather  edge 
and  finish  in  a  straight  line. 

Surfacing:  The  face  of  the  flashing  shall  be  coated  with  flashing  cement  %  in  thick 
or  -)4  gal  of  roof  coating. 

Note:    To   facilitate   handling  and  application,  it   is  recommended   that    the  fabric- 
reinforced  base  flashing   be  cut   into  lengths  not   exceeding  10  ft. 

BASE  AND  CAP  FLASHING  EXTENDING  UP  FULL  HEIGHT 

OF  WALL  AND  UNDER  COPING  OF  PARAPET  WALL 

(20-YEAR  FLASHING  ENDORSEMENT), 

FOR  USE  WITH  SMOOTH  OR 

GRAVEL  SURFACED 

ROOFS 

1.   Materials 

Approximately  100  lin  ft  of  completed  flashing  can  be  constructed  with  the  following 
materials: 
Base  Flashing: 

Fabric-reinforced   base   flashing    1J4  square 

15-lb  asbestos  finishing  felt   (perforated)    for  b-icker  fell   1J4  square 

15-lb  asbestos  finishing  felt   (perforated)   4  in  wide   1J4  roll 
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Base  and   cap  flashing  extending  up  full  height  of  wall  and  under  coping 
of  parapet  wall.    (20-year  flashing  endorsement). 


Asphalt      100  lb 

Concrete  primer   lx/\  gal 

Flashing  cement   6l/>  lb 

Surface   coating    -M  gal 

Cap  Flashing  ( tOO  Sq  Fi  ): 

15-lb  asbestos  finishing  fell    I  perforated  i    2  squares 

Concrete    primer    1   gal 

Plashing    <  ement    200  lb 

Surface   coating    v 

2.   Application 

The   specifications    for   Built-Up   Roofing   and    Plashing     General    Information,    Pari 
10,  this  Chapter,  shall  be  considered  a  pari  ol   this  specification. 

Printer:  Prime  the  entire  surface  over  which  the  flashing  is  to  be  applied  and  allow 
il   in  id  \    thorough!' 
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Base  Flashing:  All  base  Bashing  and  backer  fell  -hall  be  applied  to  extend  not  less 
than  0  in  high  on  the  vertical  surfaces  and  not  less  than  4  in  on  the  roof.  Above  meas- 
urements shall  be  from  the  top  and  bottom  edges,  respectively,  of  cants,  coves  or  fillets. 

The  surface  of  the  roof  and  adjoining  surfaces  which  are  to  receive  the  backer 
felt  shall  be  mopped  with  asphalt  which  is  not  to  extend  above  the  top  of  the  base 
flashing.  Immediately  press  the  backer  felt  in  place.  The  surface  of  the  backer  felt  to 
receive  the  base  flashing  shall  be  mopped  with  asphalt  which  is  not  to  extend  above 
the  backer  felt. 

The  base  flashing  shall  then  be  mopped  on  the  fabric  side  with  asphalt  and  pressed 
immediately  into  place,  nailing  the  top  edge  into  brick  joints  or  wood  nailing  strips 
on  4-in  centers  horizontally.  The  ends  of  the  sheets  shall  be  lapped  not  less  than  3  in 
and  nailed  on  4-in  centers  vertically,  cemented  and  covered  over  with  a  4-in  strip  of 
felt  embedded  in  and  coated  with  flashing  cement. 

The  edge  of  the  base  flashing  on  the  roof  shall  be  covered  with  a  4-in  felt  strip, 
embedded  in  and  covered  over  with  asphalt  but  shall  not  be  nailed  to  the  roof  deck. 

Cap  Flashing:  On  top  of  the  wall  trowel  a  %  in  thickness  of  flashing  cement  to 
within  2  in  of  the  outer  wall  edge  and  over  the  inside  face  of  the  wall  extending  down 
to  a  point  4  in  below  the  top  edge  of  the  base  flashing.  Embed  in  the  flashing  cement 
a  ply  of  felt  extending  across  the  top  of  the  wall  from  a  point  2  in  inside  the  ou'ter 
edge  down  the  inside  face  to  a  point  4  in  below  the  top  of  the  base  flashing.  A  second 
layer  of  flashing  cement,  %  in  thick,  shall  then  be  troweled  over  the  inside  face  of  the 
wall  extending  down  to  a  point  4  in  below  the  top  edge  of  the  base  flashing  and  con- 
tinued up  over  the  top  of  the  wall  to  within  2  in  of  the  outside  face.  A  second  ply  of 
felt  shall  be  embedded  therein.  Lap  sheets  3  in  and  seal  with  cement. 

Over  this  apply  a  final  layer  'of  cement  %  in  thick,  troweled  over  and  finished  to  a 
feather  edge  and  to  a  straight  line  with  the  lower  edge  extending  at  least  4  in  below 
the  top  of  the  base  flashing. 

Surface  Coat:  The  face  of  the  base  and  cap  flashing  shall  be  coated  with  roof  coat- 
ing in  the  amount  of  %  gal  per  100  lin  ft  of  flashing. 

Note:  Cut  fabric-reinforced  base  flashing  into  10- ft  lengths  to  facilitate  handling 
and  applying. 


BASE    AND    CAP    FLASHING    EXTENDING    UP    FULL    HEIGHT 
OF    WALL    AND    UNDER    COPING    OF    PARAPET    WALL 
(10-YEAR  FLASHING  ENDORSEMENT),  FOR  USE 
WITH  SMOOTH  OR  GRAVEL  SUR- 
FACED ROOFS 
1.  Materials 

Approximately  100  lin  ft  of  completed  flashing  can  be  constructed  with  the  following 
materials: 

Base  Flashing: 

Fabric-reinforced   base   flashing 1J4  square 

15-lb  asbestos  finishing  felt  (perforated)   4  in  wide   2  rolls 

Asphalt      65  lb 

Concrete    primer    1  %  gal 

Flashing    cement    6y2  lb 

Surface    coating    Y\  gal 
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Parcptt   Wall  equal    To  at   Itast 
12."  of    brick  work—  Maximum 
Height    i-a 


Base  and  cap  flashing  extending  up  full  height  of  wall  and  under  coping 
of   parapet   wall    (10-year   flashing   endorsement). 


Cap  Flashing   (100  Sq  Ft): 

15-lb  asbestos  finishing  felt    (perforated)    1  square 

Concrete    primer    1  gal 

Flashing  cement    130  lb 

Surface    coating    .34  gal 

2.  Application 

The  specifications  lor  Built-Up  Roofing  and  Flashing— Genera]  Information,  Part 
10.   this  Chap'er.   shall   be  considered  a   part   of  this  specification. 

Primer:  Prime  the  entire  surface  over  which  the  flashing  is  in  be  applied  and  allow 

it    to  dry  thorough  . 

Base  Flashing:  All  base  flashing  .shall  he  applied  to  extend  not  less  than  6  in  high 
on  the  vertical  surfaces  and  not  less  than  4  in  on  the  roof.  Above  measurements  shall 
be  from  the  top  and  bottom  edges,  respectively,  of  cants,  coves  or  fillets 

The  surface  of  the  root  and  adjoining  surfaces  which  are  to  receive  the  base  flashing 
shall  he  mopped  with  asphalt  which  i-  no  I  in  extend  above  the  top  of  the  base  Hashing 
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The  base  flashing  shall  then  be  mopped  on  the  fabric  side  with  asphalt  and  pressed 

immediately  into  place,  nailing  the  top  edge  into  brick  joints  or  wood  nailing  strip-  on 
4-in  centers  horizontally.  The  ends  of  the  sheets  shall  be  lapped  not  less  than  3  in  and 
nailed  on  4-in  centers  vertically,  cemented  and  covered  over  with  a  4-in  strip  of  felt 
embedded   in    and   coated    with    flashing  cement. 

The  edge  of   the  base   Hashing  on   the  roof  shall  be  covered   with  a  4-in   felt  strip, 
embedded  in  and   covered  ever  with   asphalt   but  shall   not  be  nailed  to   the  roof  deck. 

Cap  Flashing:   On  top  of   the  wall  trowel  a   %  in  thickness  of  flashing  cement  to 
within  2  in  of  the  outer  wall  edge  and  over  the  inside  face  of  the  wall  extending  down 
to  a  point  4  in  below  the  top  edge  of  the  base  flashing.  Embed  in  the  flashing  cement 
a  ply  of  felt  extending  across  the  top  of  the  wall  frcm  a  point  2  in  inside  the  outer 
edge  down  the  inside  face  to  a  point  4  in  below  the  top  of  the  base  flashing. 

Over  this  app'y  a  second  layer  of  cement  %  in  thick,  troweled   over  and   finished 
to  a  feather  edge  and  to  a  straight  line,  with  the  lower  edge  extending  at   least   4   in 
below  the  top  of  the  base  flashing. 

Surface  Coat:  The  face  of  the  base  and  cap  flashing  shall  be  coated  with  roof  coat- 
ing in  the  amount  of  Y\  gal  per  100  lin  ft  of  flashing. 

Note:    Cut   fabric   reinforced   base   flashing  into   10- ft   lengths   to  facilitate   handling 
and  applying. 


BASE  AND   CAP  FLASHINGS  WITH  METAL  CAP  FLASHING 

EXTENDING   THROUGH    BRICK   WALL    (20-YEAR 

FLASHING  ENDORSEMENT),  FOR  USE 

WITH  SMOOTH  OR  GRAVEL 

SURFACED  ROOFS 

1.  Materials 

Approximately  100  lin  ft  of  completed  flashing  can  be  constructed  with  the  following 

materials : 

Base  Flashing: 

Fabric-reinforced  base   flashing    1%  square 

15-lb  asbestos  finishing  felt   (perforated)   for  backer  felt   1%  square 

15-lb  asbestos  finishing  felt   (perforated)   4  in  wide    1J4  roll 

Asphalt      100  lb 

Concrete    primer    1/4  gal 

Flashing    cement     ^A  lb 

Surface   coating    Va  gal 

Cap  flashing   (100  sq  ft) : 

15-lb  asbestos  finishing  felt  (perforated)  4  in  wide   2  rolls 

Flashing    cement     6J/2  lb 

Concrete    primer    rA  gal 

Metal  Cap  Flashing: 

Metal  cap  flashing  shall  be  of  sufficient  width  to  extend  to  within  2  in  of  outside 
face  of  the  brick  wall  and  to  extend  down  the  inside  to  cover  the  base  flashing 
sheets  not  less  than  4  in. 

2.  Application 

The    specifications   for    Built-Up    Roofing   and    Flashing — General    Information.    Pari 
10,   this  Chapter,  shall   be  considered  a   part   of   this  specification. 
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Base   and   cap    flashings   with  metal   cap   flashing   extending 
through  brick  wall. 


Primer:  Prime  the  entire  surface  over  which  the  flashing  is  to  be  applied  and  allow 
it   I.,  dry  thoroughly. 

Hast  Flashing:  All  base  flashing  and  hacker  felt  shall  be  applied  to  extend  not  less 
than  6  in  hich  on  the  vertical  surfaces  and  not  less  than  4  in  on  the  roof.  Above  meas- 
urements shall  be  from  the  top  and  bottom  edges,  respectively,  of  cants,  coves  or  fillets 
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The  surface  of  the  roof  and  adjoining  surfaces  which  are  to  receive  the  backer  felt 
shall  be  mopped  with  asphalt  which  is  not  to  extend  above  the  top  of  the  base  flashing. 
Immediately  press  the  backer  felt  in  place.  The  surface  of  the  backer  felt  to  receive 
the  base  flashing  shall  be  mopped  with  asphalt  which  is  not  to  extend  above  the  backer 
felt. 

The  base  flashing  shall  then  be  mopped  on  the  fabric  side  with  asphalt  and  pressed 
immediately  into  place,  nailing  the  top  edge  into  brick  joints  or  wood  nailing  strips  on 
4-in  centers  horizontally.  The  ends  of  the  sheets  shall  be  lapped  not  less  than  3  in  and 
nailed  on  4-in  centers  vertically,  cemented  and  covered  over  with  a  4-in  strip  of  felt 
embedded  in   and   coated   with   flashing  cement. 

The  edge  of  the  base  flashing  on  the  ro'of  shall  be  covered  with  a  4-in  felt  strip, 
embedded  in  and  covered  over  the  asphalt  but  shall  not  be  nailed  to  the  roof  deck. 

Cap  Flashing:  After  the  base  flashing  has  been  applied  as  specified  above,  trowel 
on  a  layer  of  flashing  cement,  5  in  wide  and  ^  in  thick,  to  completely  cover  the  nails 
on  top  of  the  base  flashing.  Into  this  embed  a  4-in-wide  strip  >of  asbestos  felt,  over 
which  apply  another  troweling  of  flashing  cement.  Bring  the  cement  to  a  feather  edge 
and  finish  in  a  straight  line. 

Metal  Cap  Flashing:  After  the  felt  base  and  cap  flashings  have  been  completed  as 
specified,  turn  the  metal  cap  flashing  down  over  face  of  the  base  flashing  covering  the 
base  flashing  not  less  than  4  in. 

The  metal  cap  flashing  material  shall  be  as  specified  in  Sheet  Metal  Work,  Part  11. 
this  Chapter. 

Surface  Coat:  The  face  of  the  base  and  cap  flashing  shall  be  coated  with  roof 
coating  in  the  amount  of  }i  gal  per  100  lin  ft  of  flashing. 

Note:  Cut  fabric  reinforced  base  flashing  into  10-ft  lengths  to  facilitate  handling 
and  applying. 

SHEET   METAL  BASE  AND  CAP  FLASHING   (FOR  USE 
WITH  SMOOTH  AND  GRAVEL  SURFACED  ROOFS) 

1.  Materials 

Asbestos  roofing  felts  in  16-  or  18-in  widths. 
Asbestos  roofing  felts  in  8-  and  10-in  widths. 
Roofing  cement. 
Metal  base  flashing. 
Metal  cap  flashing. 
Concrete  primer. 

2.  Application 

The  specifications  for  Built-Up  Roofing  and  Flashing — General  Information,  Part 
10,  this  Chapter,  shall  be  considered  a  part  of  this  specification. 

Primer:  Prime  the  entire  surfaces  to  which  the  flashing  is  to  be  applied  and  allow 
it  to  dry  thoroughly. 

Base  Flashing:  Roofing  felts  shall  be  stopped  without  turn-up  at  abutting  walls 
where  metal  base  flashing  is  to  be  applied. 

Over  the  roofing  felts,  apply  two  layers  of  16-  or  18-in  wide  15-lb  asbestos  felts, 
mopping  the  sime  6  in  up  on  the  wall  and  10  or  12  in  out  on  the  roof.  Cement  these 
felts  together. 
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Sheet  metal  base  and  cap   flashing  where   through-the-wall 
flashing  cannot  be  used. 


Against  these  two  layers  of  felt  apply  the  sheet  metal  base  flashing.  Metal  flashings 
shall  not  be  sharply  bent  but  shall  be  rounded  where  it  fits  into  the  angle  formed  by  the 
intersection  of  the  roof  deck  and  vertical  surfaces. 

Metal  flashing  shall  extend  not  less  than  4  in  out  on  the  roof  deck  and  not  less 
than  6  in  on  the  vertical,  the  portion  on  the  roof  being  secured  with  copper  nails  spaced 
on  6-in  centers. 

On  sloping  roofs  the  metal  flashing  shall  lap  at  leas!  3  in.  On  flat  roofs,  the  joints 
shall  be  flat  locked  and  soldered. 

Strip  the  metal  flange  on  the  rent'  with  8-  and  10-in  strips  of  15-lb  asbestos  fell 

alter   the   metal    flange   has   been   primed   with   concrete  primer.   Embed   these   strips  in   the 

same  cementing  agent   as  called  for  in  the  roofing  specifications. 

Metal  Cup  Flashing:  Metal  cap  flashing  shall  be  installed  in  masonry  walls  in  con 
junction  with  metal  base  flashings,  where  it  is  impractical  to  use  "through- wall  flashings." 

These  shall  be  applied  in  accordance  with  the  manufacturer's  specifications  and 
shall  extend  down  over  the  base  flashing  at  least  4  in. 

The  bottom  edge  of  the  metal  cap  flashing  shall  be  turned  back  '  .•  in  to  form 
stiffening   bead.   Joints   in    (lashing   shall    lap   at    least     J    in 
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Pages  6-14-1   to  6-14-6,  incl. 

PLUMBING— GENERAL 
Delete,  substituting  therefor  the  following: 

PLUMBING— GENERAL 

1.  General 

The  contractor  shall  furnish  all  bbor,  material,  tools  and  equipment,  except  as 
otherwise  noted,  to  entirely  complete  the  plumbing  work,  as  specified  or  shown  on  draw- 
ings, including  fixtures,  drains,  water  supply  and  piping  and  sewers  to  a  point  5  ft  out- 
side of  building,  all  of  which  shall  be  considered  as  included  in  the  plumbing  work. 
Piping  and  sewers  beyond  a  point  5  ft  outside  of  building  will  be  paid  for  on  a  unit 
price  basis. 

2.  Excavation 

The  contractor  shall  do  all  necessary  excavation  of  every  description  in  connection 
with  the  plumbing  work.  The  bottoms  of  all  trenches  shall  be  carefully  shaped  to  give 
uniform  bearing  for  pipes.  No  backfilling  shall  be  done  until  test  and  inspection  have 
been  made  by  the  engineer.  Trenches  shall  be  filled  by  ramming  and  puddling,  the  filling 
being  brought  to  the  proper  grade. 

3.  Arrangement  of  System 

The  arrangement  of  the  system  shall  be  as  direct  as  possible,  avoiding  unnecessary 
bends  and  offsets.  Vertical  runs  of  cast  iron  pipe  shall  be  firmly  secured  in  position  with 
strong  iron  pipe  hooks  placed  under  each  hub,  and  stacks  must  be  properly  supported 
at  the  bottom.  Horizontal  runs  under  floors  must  be  placed  in  position  and  tested  before 
floors  are  laid. 

Changes  in  direction  of  soil  and  sewer  pipe  shall  be  made  by  means  of  ^-bends 
and  "Y"  branches  and  not  with  %-bends. 

Fittings  receiving  risers  shall  be  set  with  the  top  of  fitting  at  the  surface  of  the 
finished   floor   and  shall  be  securely  clamped  in  position. 

All  horizontal  runs  of  sewer  6  in.  in  diameter  or  less  shall  have  a  minimum  fall 
of  Y%  in  per  ft. 

4.  Cast  Iron  Pipe  and  Fittings 

Soil,  waste,  drain,  sewer  and  vent  pipes  in  building  shall  be  cast  iron  soil  pipe. 
Pipe  shall  have  the  maker's  name  cast  thereon  and  shall  be  in  lengths  not  less  than  5  ft. 
In  shall  be  sound  and  free  from  defects  and  with  the  inner  and  outer  surfaces  concentric 
and  smooth  and  of  the  following  weights  per  lineal  foot. 

2  in  Sy2  lb  6   in  20  lb 

3  in  9V2  lb  7   in  27  lb 

4  in  13       lb  Sin  33^  lb 

5  in  17       lb  10  in  45  lb 

Fittings  for  cast  iron  pipe  shall  be   ,  cast  iron  of  the  same  make  as  the 

soil  pipe,  and  shall  be  of  the  same  inside  diameter  as  pipe  with  which  they  are  con- 
nected. Unless  otherwise  specified,  cast  iron  pipe  and  fittings  must  be  coated  with  hot 
asphaltum   both   inside  and   outside   by   dipping.   Fittings   for   the   junction   of   cast   and 
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wrought  iron  pipe  shall  be  cul  al  one  end  with  lull  thread-,  and  fittings  supporting 
risers  shall  h  tve  proper  -hoes  cast  on  them. 

Water  supply  pipes  larger  than   in  diameter,  located  below  ground, 

shall  be  cast  iron  pipe,  either  hell  and  spigot  pattern  or  mechanical  joint  and  shall  be 
manufactured  in  accordance  with  current  ASTM  Specit'ications,  designation  A  44,  of  the 
weight  and  strength  specified  or  shown  on  the  drawings  with  fittings  to  correspond. 

5.  Wrought  Iron  Pipe 

Wrought  iron  pipe  shall  be  galvanized,  genuine  wrought  iron  of  standard  weights 
and  dimensions,  cut  with  full  threads  with  all  burrs  carefully  reamed  out  before  con- 
necting.  Fittings  used   with   wrought  iron    pipe  shall  be 

recessed  cast  iron  drainage  fittings.  Fittings  used  with  galvanized  watter  supply  pipe. 
-hall  be    galvanized  malleable  iron  except   where  brass  is  specified. 

6.  Lead  Pipe 

Lead  pipe  shall  be  of  the  weight  known  as  "Strong"  lead  pipe. 

7.  Brass  Pipe 

All  exposed  supply  or  waste  pipe  to  fixtures,  including  connection.-  to  faucets,  etc.. 
-hall  be  nickel-plated  brass,  unless  otherwise  specified. 

Brass  pipe  for  water  supply  shall  be  seamless  drawn  semi-annealed  brass  pipe  of 

iron  pipe  sizes,  heavily  nickel  plated.  Brass  pipe  fittings  shall  be   

cast  brass  heavily  nickel  plated. 

8.  Fixtures 

The  contractor  shall  furnish  and  install  complete,  in  proper  working  order,  all  fix- 
ture-, locations  of  which  are  shown  on  the  drawings.  Fixtures  shall  be  as  manufactured 
by    or   approved   equal. 

9.  Joints  and  Connections 

Joints  for  bell  and  spigot  cast  iron  pipe  shall  be  made  with  picked  oakum  and 
molten  lead,  and  shall  be  air  and  water  tight.  Twelve  ounces  of  lead  shall  be  used  for 
each  inch  of  diameter  of  pipe  for  each  joint.  Each  joint  must  be  filled  at  one  pouring. 

Connections  between  iron  and  lead  pipes  shall  be  nude  with  brass  ferrules  nd 
neatly  wiped  joints.  Connections  between  outlet  of  fixtures  and  vertical  soil  pipes  may 
be  made  by  mean;  of  sanitary  tees,  but  all  connections  between  horizontal  runs  must 
be  made  by  means  of  "Y"  branches.  Openings  for  connections  shall  be  closed  with  pliii;- 
until  tested.  Hand  holes  shall  be  closed  immediately  upon  completion  of  each  portion 
of  the  work  and  all  sewers  kept  clean. 

10.  Suspended  Sewers  and  Risers 

Ml    suspended    -ewer-,    wastes   and   downspouts,   also    risers   in    buildings,   shall   be 

genuine  wrought  iron  pipe  and  point-  of  supports  -hill  not  he  more  than  5  ft  apart  for 
horizontal  runs. 

11.  Drains 

The  contractor  -hall  in-tall  the  piping  for  all  drains  ol  everj  description,  including 
all    branches,   trap-  and   accessories   necessarj    to   make   the   plumbing   system   complet* 
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12.  Valves 

In  case*  where  there  is  danger  oi  backwater  from  the  sewer,  all  sewer  and  drain 
lines  shall  be  equipped  in  the  building  with  a  backwater  valve,  properly  set  in  a  pit 
for  accessibility.  Shutoff  valves  throughout  the  plumbing  system  except  in  connection 
with  fixtures  shall  be  extra  happy  gate  valves,  equipped  with  iron  hand  wheels.  Valves  2 
in  and  under  shall  be  brass  of  best  quality,  larger  valves  shall  have  iron  bodies  and 
brass  trimmings.  All  valves  shall  be  located  in  convenient  and  accessible  places. 

13.  Sizes  of  Pipes 

The  following  shall  be  the  minimum  sizes  of  pipe  for  water  supply  in  the  cases 
listed: 

Main   supply   to   building    (....) 

To  toilet  rooms    1   in 

To  individual  sill  cock     V4  in 

To  individual  sink    s/^  in 

To  individual  urinal  (flush  tank)     ]/2  in 

To  individual  urinal  (flush  valve)      1  in 

To  individual  lavatory     ]/2  in 

To  individual  closet   (flush  tank)      l/2  in 

To  individual  closet   (flush  valve)      1   in 

To  heating  boiler    24  in 

Discharge   from  heating  boiler    -)4  in 

Air  chambers  shall  be  provided  in  the  water  supply  pipe  at  its  connection  to  each 
fixture,  to  prevent  water  hammer.  This  chamber  shall  be  equal,  in  capacity,  to  1  ft  of 
the  supply  pipe. 

The  minimum  size  of  waste  pipes  for  fixtures  shall  be  as  follows: 

From  individual  closets    4       in 

From  individual  lavatories    \l/2  in 

From  individual  urinals      2       in 

From  individual  slop  sinks      3       in 

The  minimum  sized  vent  pipes  shall  be  as  follows: 

For  closet  traps     „ 2  in 

For  lavatory 1  ]/2  in 

For  urinals     2  in 

For  slop  sinks     2  in 

14.  Openings  in  Floors  or  Walls 

Wherever  exposed  plumbing  pipes  pass  through  floors  or  walls  they  shall  be  pro- 
vided with  galvanized  iron  pipe  sleeves  with  nickel-plated  brass  floor  or  ceiling  plates. 

Wherever  pipes  pass  through  concrete  or  masonry,  the  contractor  shall  provide  iron 
pipe  sleeves  of  the  requisite  size,  locating  these  for  the  masonry  contractor,  and  assume 
all  responsibility  for  their  correct  location. 

15.  Soil  and  Vent  Stacks 

Main  stacks  shall  be  extended  through  roof  of  building  and  to  a  height  not  less  than 
12  in  above  the  top  thereof.  Stacks  extending  through  the  roof  must  increase  their 
diameter  2  in  at  a  point  6  in  below  the  roof.  No  stack  extending  through  the  roof  shall 
be  less  than  4  in.  in  diameter. 

Fixtures  shall  be  revented  except  in  cases  where  but  a  single  fixture  is  attached  to 
a  stack,  in  which  case  this  fixture  need  not  be  revented  .Vent  fittings  shall  be  combina- 
tion  fittings   of   a   type   that   will   comply   with   local   ordinances.   Branch   vents  shall  be 
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casl  iron  and  must  be  connected  into  the  main  vent  stack  below  the  roof.  Thai  portion 
of  the  stack  above  the  roof  shall  be  properly  Hashed  with  4-lb  sheet  lead  with  lS-in 
square  collar.  Flashing  shall  be  turned  down  into  the  top  of  stack,  and  shall  be  made 
watertight. 

16.  Meter,  Pressure  Regulator,  Etc. 

The  contractor  shall  install  in  a  suitable  concrete  pit  a  water  meter  of  an  approved 
type,  and  make  the  necessary  connection  to  the  water  main.  Where  the  pressure  in  the 
main  exceeds  40  lb  he  shall  install,  in  connection  with  the  meter,  a  water  pressure  regu- 
lator of  an  approved  type,  properly  adjusted  to  protect  the  fixtures  in  the  building.  He 
shall  provide  and  set  on  the  main  supply  line  a  stop  and  waste  cock  which  will  drain 
the  entire  piping  system  in  the  building.  He  shall  provide  in  the  pit  with  the  meter  a 
valve  which  will  cut  off  the  entire  water  supply  from  the  building. 

17.  Traps  and  Cleanouts 

Approved  traps  with  cleanouts,  equipped  with  brass  plugs,  shall  be  placed  under 
each  fixture.  Brass  plugs  for  cleanouts  shall  be  placed  at  the  foot  of  each  soil  and  waste 
riser  above  the  floor  and  at  all  changes  in  direction  of  soil  and  waste  pipes.  Cleanouts 
connected  below  floors  must  be  brought  up  level  with  floors  by  means  of  "Y"  fittings 
and  ^-bends.  All  plugs  must  be  full  size  of  pipes. 

18.  Pipe  Covering 

Hot  water  piping  shall  be  covered  with  insulating  covering  of  an  approved  brand, 
lined  with  asbestos  on  the  inside  and  covered  with  8-oz  canvas  jacket,  banded  with  3 
lacquered  bands  to  each  section. 

Cold  water  pipe,  in  concealed  positions,  behind  plastered  walls  or  ceilings  or  car- 
ried in  tunnels  with  steam  or  hot  water  heating  pipes,  shall  be  covered  as  described 
above,  except  that  the  lining  shall  be  of  tarred  felt  instead  of  asbestos.  Fittings  shall  be 
covered  with  hair  felt,  with  canvas  jackets.  All  covering  shall  be  applied  in  a  manner  to 
prevent  sweating. 

19.  Tests 

The  system  shall  be  subject  to  the  following  test,  to  be  made  entirely  at  the  ex- 
pense of  the  contractor: 

After  all  pipes  are  "roughed  in"  and  before  the  final  connections  are  made  with  fix- 
tures and  sewer,  all  openings  shall  be  closed  and  pipes  filled  with  water  to  roof  line. 
The  water  shall  be  maintained  at  this  level  until  the  job  has  been  inspected  and 
approved. 

Should  any  defect  appear,  it  shall  be  remedied  and  any  defective  material  shall  be 
replaced  with  sound  material. 

These  tests  shall  be  repeated  until  the  work  is  approved  by  the  engineer. 

20.  Gas  Piping 

The  contractor  shall  install  piping  for  gas  with  outlets  located  where  shown  on 
drawings.  The  supply  line  shall  be  of  a  size  recommended  by  gas  company  supplying 
the  service  and  all  piping  shall  meet  the  approval  of  the  gas  company.  Pipes  shall  be 
coated  with  asphaltum  after  installation.  A  meter  shall  be  installed  as  required  by  the 
rules  of  the  gas  company,  with  necessary  valves  and  shutoff.  Gas  piping  shall  be  tested 
as  required  by  the  gas  company  and  certificate  of  inspection  delivered  to  the  railway 
company.  The  gas  meter  shall  be  placed  in  a  convenient  and  accessible  location 
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21.  Fire  Protection 

The  contractor  shall  install,  complete,  all  supply  lines  required  lor  fire  protection, 
including  all  connections  to  water  main,  and  all  fire  hydrants  and  connections  as  indi- 
cated  on  the  drawings  or  specified. 

All  pipe  for  outside  fire  protection  lines  shall  conform  to  and  be  laid  in  accordance 
with  the  American  Water  Works'  Association  specifications  for  cast  iron  water  pipe  and 
special  castings. 

Where  the  size  of  fire  lines  is  6  in  or  larger,  6-in  2-way  standard  hydrants  equipped 
with  drain  and  auxiliary  valves  shall  be  used.  Where  fire  fighting  apparatus  is  to  be 
provided  inside  the  building,  independent  standpipes,  2x/2  in  or  larger,  shall  be  installed 
so  as  not  to  be  more  than  200  ft  apart  on  each  floor.  Each  standpipe  shall  be  equipped 
with  a  standard  2]/2-m  threaded  hose  connection  located  5  ft  above  the  floor  level.  Each 
standpipe  shall  be  provided  with  a  2I/2-'m  by  V/2-m  reducing  coupler,  an  approved  hose 
reel,  or  rack,  together  with  hose,  nozzle  and  couplings,  as  specified.  Not  more  than 
100  ft  of  hose  shall  be  provided  for  each  connection,  but  the  lengths  must  be  such  that 
every  part  of  each  floor  may  be  reached. 

Where  buildings  are  heated,  Underwriters'  ll/2-m  linen  hose  must  be  used.  Where 
buildings  are  not  heated,  Underwriters'  1^-in  cotton  rubber-lined  hose  must  be  used. 
Hose  for  outside  use  shall  be  Underwriters'  approved  2y2-in  double  jacket  fire  hose. 

Nozzles  for  outside  hose  shall  be  Underwriters'  play  pipe  with  1%  in  orifice.  Each 
hose  inside  of  buildings  shall  be  equipped  with  a  brass  nozzle  12  in  long  with  a  y2-in 
orifice. 

All  fire-fighting  apparatus  shall  be  in  conformity  with  the  requirements  of  the 
National  Board  of  Fire  Underwriters.  It  shall  also  conform  to  the  requirements  of  the 
local  fire  department  so  far  as  hose  connections  are  concerned. 

22.  Local  Rules  and  Ordinances 

The  contractor  shall  comply  in  all  cases  with  the  local  sanitary,  gas  and  fire  protec- 
tion ordinances,  and  shall  obtain  and  pay  for  all  permits  and  inspection  fees. 

23.  General  Conditions 

All  materials  entering  into  the  work  and  all  methods  used  by  the  contractor  shall  be 
subject  to  the  approval  of  the  engineer  and  no  part  of  the  work  will  be  considered  as 
finally  accepted  until  all  of  the  work  is  completed  and  accepted. 

The  General  Conditions  as  given  in  Part  1,  this  Chapter,  shall  be  considered  to 
apply  with  equal  force  to  this  specification. 

Pages  6-14-6  and  6-14-7 

SPECIFICATIONS  FOR  COPPER  TUBING 

Delete,  substituting  the  following. 

SPECIFICATIONS  FOR  COPPER  TUBING 
1.  General 

The  contractor  shall  furnish  all  labor,  materials,  tools  and  equipment,  except  as  may 
be  otherwise  noted,  necessary  to  entirely  complete  the  copper  tubing  installation  cov- 
ered  by   the  specifications  and  as  shown,  called   lor  or  implied  on  the  drawings. 
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2.  Materials 

Copper  tubing  shall  be  clean  and  free  from  cracks,  seams,  slivers,  scale  and  other 
surface  defects  and  shall  conform  to  current  ASTM  Specifications,  designation  B  88-55. 

Solder  used  in  making  soldered  joints  or  connections  for  hot  water  heating  and 
plumbing  shall  be  ''50-50"  tin-lead  solder  conforming  to  current  ASTM  Specifications, 
designation  B  32  Alloy  Grade  50A;  and  solder  used  for  solder  joints  in  tubing  for  other 
uses  shall  be  of  composition  suitable  for  the  installation  for  which  it  is  to  be  used. 

Fittings  shall  be  cast  bronze  solder  type,  wrought  copper  solder  type  or  cast  bronze 
flared  tube  type  fittings.  Valves  shall  be  cast  bronze  solder  type  or  cast  bronze  flared 
tube  type.  Each  fitting  and  valve  shall  have  the  size  and  the  manufacturer's  name  cast  or 
stamped  in  the  metal.  Cast  bronze  valves  and  fittings  shall  be  of  uniform  quality,  free 
from  porosity  cracks,  shrinkage,  defects,  and  the  casting  shall  conform  to  current  ATSM 
Specifications,  designation  B  61. 

Pages  6-15-1  to  6-15-5,  incl. 

SEWERS  AND  DRAINAGE 
Reapprove  without  change. 

Pages  6-22-1   to  6-22-4,   incl. 

LOCOMOTIVE  COALING  STATIONS 
Delete. 

Pages  6-22-5  to  6-22-8,  incl. 

SPECIFICATIONS  FOR  MECHANICAL  TYPE  COALING  STATIONS 
Delete. 

Pages  6-24-1   and   6-24-2 

LOCOMOTIVE  CINDER  PITS 
Delete. 

Pages  6-27-1   to  6-27-3,  incl. 

DETERMINATION   OF   THE   VALUE   OF   DAMAGE   OR   LOSS 

OF  STRUCTURES  WHICH  CAN  BE  COLLECTED 

IN   CASE   OF   FIRE 

Reapprove  with  the  following  revisions. 

On  page  6-27-2  delete  from  the  second  paragraph  under  Art.  2.  Appraisals,  the 
sentence  reading:  "When  a  total  loss  occurs,  the  cost  involved  in  clearing  the  site  is 
not    a   collectible   item." 


308 Buildings 

Report  on  Assignment  2 
Specifications  For  Railway   Buildings 

H.  T.  Seal  (chairman,  subcommittee),  W.  F.  Armstrong,  J.  R.  Bowman,  R.  R.  Cahal, 
F.  D.  Day,  C.  E.  Defendorf,  T.  J.  Engle,  R.  L.  Fletcher,  E.  J.  Hynes,  B.  J.  John- 
son, Jr.,  H.  R.  Helker,  S.  E.  Kvenberg,  I.  A.  Moore,  L.  S.  Newman,  L.  J.  Nichols, 
W.  H.  Pahl,  Jr.,  W.  C.  Panarese,  C.  L.  Robinson,  J.  T.  Rowan,  J.  T.  Schoener, 
M.  L.  Thornbrough,  Jr.,  T.  S.  Williams. 

Your  committee  submits  the  following  specification  for  concrete  masonry  walls  with 
the  recommendation  that  it  be  adopted  and  published  in  the  Manual  at  the  end  of 
Part  4 — Masonry. 

SPECIFICATIONS  FOR  CONCRETE  MASONRY  WALLS 

1.  General 

a.  The  masonry  contractor  shall  provide  all  labor,  superintendence,  materials,  tools, 
equipment,  and  transportation,  except  as  otherwise  provided,  to  erect  and  complete  the 
concrete  masonry  walls  of  this  project  in  accordance  with  the  drawings  and  specifica- 
tions. The  work,  shall  be  properly  coordinated  with  that  of  other  trades.  All  local  laws 
and  ordinances  applicable  to  this  work  shall  be  fully  complied  with. 

2.  Materials 

a.  Concrete  masonry  units  shall  conform  to  the  physical  requirements  (compressive 
strength,  absorption  and  moisture  content)  of  the  local  building  code.  In  the  absence  of 
a  local  building  code,  the  current  ASTM  specifications  covering  the  particular  use  or 
construction  in  which  units  are  employed  shall  apply.  Concrete  masonry  units  shall  be  in 
a  dry  condition  when  delivered  to  the  building  site  and  shall  be  protected  against  wet- 
ting prior  to  laying  in  the  walls. 

b.  Concrete  for  the  manufacture  of  sills,  coping,  etc.  shall  have  a  minimum  com- 
pressive strength  of  4000  psi  at  28  days. 

c.  Concrete  for  reinforced  concrete  lintels  shall  have  a  minimum  compressive 
strength  of  3000  psi  at  28  days. 

d.  Portland  cement  shall  comply  with  ASTM  Specifications,  designations  C  ISO  or 
C   175. 

e.  Masonry  cement  shall  comply  with  ASTM  Specifications,  designation  C  91, 
Type  II. 

f.  Hydrated  lime  for  masonry  purposes  shall  comply  with  ASTM  Specifications,  des- 
ignation  C   207,  Type  S. 

(Note:  The  use  of  very  fine  mortar  sands  will  result  in  weaker  mortars  because  of 
higher  water  requirements  for  satisfactory  plasticity.  The  use  of  richer  mi.xes  to  correct 
for  deficiency  in  sand  grading  and  to  maintain  strength  is  not  desirable.) 

g.  Aggregate  for  masonry  mortar  shall  comply  with  current  ASTM  specifications  for 
this  material. 

h.  W.iter  shall  be  clean  and  fit  to  drink. 

3.  Concrete   Masonry  Wall  Construction 

a.  All  masonry  walls  shall  be  true  and  plumb  and  built  to  the  thickness  and  to  the 
bond  or  pattern  indicated  on  the  plans.  Where  no  bond  or  pattern  is  indicated  on  plans, 
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the  wall  .shall  be  laid  in  straight   uniform  courses  with  the  units  in  the  courses  above 
regularly  breaking  joints  with  the  courses  below.  All  workmanship  shall  be  of  the  high 
est   made,  and  care  must  be  taken  during  construction  to  keep  wall  surfaces  clean  from 
all    mortar    droppings   and   smears.   Accidental    smears   shall   be   removed   when   dry    by 
brushing. 

b.  Masonry  contractor  shall  provide  and  place  such  special  units  (corner  block, 
door  and  window  jamb  block,  fillers,  etc.)  as  may  be  required  to  form  all  corners,  re- 
turns and  offsets  using  the  required  shapes  and  sizes  to  work  to  corners  and  openings 
and  maintain  a  proper  bond  throughout  the  length  of  the  wall. 

c.  Intersecting  concrete  block  bearing  walls  shall  not  be  tied  together,  in  a  masonry 
bond,  except  at  the  corners;  instead,  one  wall  shall  terminate  at  the  face  of  the  other 
wall  with  a  control  joint  at  that  point.  For  lateral  support,  bearing  walls  shall  lie  tied 
together  with  a  metal  debar  %  in  thick,  1 ' 4  in  wide  and  28  in  long,  with  2  in  right- 
angle  bends  mi  each  end.  These  tiebars  shall  be  spaced  not  over  4  ft  apart  vertically. 
The  bends  at  the  ends  of  the  tiebars  shall  be  imbedded  in  cores  filled  with  mortar  or 
concrete 

Where  non-bearing  interior  concrete  masonry  partitions  meet  other  interior  parti- 
tions or  meet  exterior  walls,  a  firm  bond  between  shall  be  provided  with  approved  metal 
ties.  These  ties  shall  be  spaced  not  over  16  in  apart  vertically. 

(Note:  Either  l^-in  mesh  galvanized  hardware  cloth  or  rust-resistant  metal  lath 
shall  be  used  as  metal  ties.) 

d.  Mortar  for  concrete  masonry  walls  subject  to  average  loading  and  exposure  shall 
be  made  in  the  proportions  of  1  volume  of  masonry  cement  and  between  2]/^  and  3 
volumes  of  damp,  loose  mortar  sand;  or  1  volume  of  portland  cement  and  between 
Yz  and  1%  volumes  of  hydrated  lime  and  between  4J/2  and  6  volumes  of  damp,  loose 
mortar  sand. 

Mortar  for  concrete  masonry  walls  which  will  be  subjected  to  extremely  heavy 
loads,  violent  winds,  earthquakes,  severe  frost  action,  or  other  conditions  requiring  extra 
wall  strength,  shall  be  made  in  proportions  of  1  volume  masonry  cement  plus  1  volume 
of  portland  cement  and  between  Al/2  and  6  volumes  of  damp,  loose  mortar  sand;  or  one 
volume  of  portland  cement  to  which  may  be  added  up  to  J4  volume  of  hydrated  lime 
and  between  2*4  and  3  volumes  of  damp,  loose  mortar  sand. 

(Note:  Mortar  shall  be  mixed  in  power  mixers  except  for  very  small  jobs  where 
it  may  be  mixed  by  hand.  Mix  only  as  much  mortar  at  one  time  as  can  be  used  in 
2  or  3  hr.) 

e.  Face  shell  mortar  bedding  shall  be  Used  with  complete  coverage  of  face  shells. 

t.  Mortar  joints  shall  be  */&  in  thick  with  full  mortar  coverage  on  vertical  and 
horizontal   face  shells.  Vertical  joints  shall  be  shoved  tight. 

g  Mortar  joints  for  concrete  masonry  walls  to  be  exposed  or  painted  sbal]  be 
struck  off  flush  with  wall  surface  and  when  partially  set  shall  be  firml)  compacted  with 
a  jointing  tool. 

1  Note:  Tooling  is  essential  in  producing  ti^ht  mortar  joints.  Mortar  has  a  tendency 
ti>  shrink  slightly  and  may  pull  away  from  the  edges  of  the  masonry  units  causing  fine, 
almost  invisible  innks  ai  the  mint  inn  of  mortal  and  masonry  units  Tooling  compacts 
the  mortar  and  presses  it  firmly  against  tlii   units,  increasing  the  water  resistance  of  the 

joint.   It    should   be   done   after   the    mortar   has    partially   set. 
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(An  attractive  treatment,  frequently  used,  is  obtained  by  emphasizing  the  horizontal 
joints  and  obscuring  the  vertical  joints  in  concrete  masonry  walls.  This  is  done  by  tool- 
ing the  horizontal  joints  and  striking  the  vertical  joints  flush  with  the  wall  surface.  When 
this  is  desired,  the  architect  may  substitute  the  following  for  Par.  g  above:  "Vertical 
mortar  joints  shall  be  troweled  flush  and  rubbed  with  carpet  or  burlap  to  remove  sheen 
from  troweled  mortar  surface.  Horizontal  joints  shall  be  struck  flush  with  wall  surface 
and   when    partially   set    shall   be   compressed  and   compacted   with   a   jointing   tool") 

h.  Mortar  joints  for  concrete  masonry  walls  to  be  plastered,  stuccoed  or  used  as 
back-up  shall  be  struck  flush  with  the  face  of  the  will. 

i.  Backfilling  against  concrete  masonry  foundation  walls  shall  not  be  permitted 
until  first  floor  is  in  place. 

j.  Where  shown  on  plans,  concrete  drain  tile  shall  be  laid  with  open  joints  around 
the  footing  and  drained  to  a  suitable  outlet  with  a  slope  of  y2  in.  in  12  ft.  In  no  case 
shall  the  tile  be  lower  than  the  footing.  Joints  between  the  tile  shall  be  covered  with 
pieces  of  roofing  felt  to  prevent  sediment  filling  the  tile  during  backfilling.  The  excava- 
tion outside  the  walls  shall  be  filled  with  gravel  or  crushed  rock  or  cinders  to  a  depth 
of  at  least  IS  in.  Earth  backfill  above  shall  be  sloped  away  from  foundations  walls  to 
provide  drainage  from  foundation. 

k.  The  earth  side  of  concrete  masonry  basement  walls  shall  be  parged  with  port- 
land  cement  plaster  applied  in  two  coats,  each  coat  %  in  thick.  Plaster  shall  consist  of 
one  volume  of  Portland  cement  and  2l/2  volumes  of  mortar  sand  (1:2^  mix)  with  the 
addition  of  enough  water  to  produce  a  plastic  mix.  Wall  surface  shall  be  moistened 
prior  to  application  of  first  coat.  First  coat  shall  be  roughened  after  it  has  partially  set 
and  then  permitted  to  harden  for  24  hr  before  the  second  coat  is  applied.  The  first  coat 
shall  be  moistened  prior  to  application  of  second  coat.  The  second  coat  shall  be  kept 
damp  for  at  least  48  hr  after  application.  At  the  junction  of  the  outside  wall  face  and 
the  footing,  the  cement  plaster  shall  be  thickened  and  rounded  to  form  a  cove  to  divert 
water  from  base  of  wall.  No  filling  in  against  foundation  walls  shall  be  allowed  until 
first  floor  is  in  place  and  plaster  surface  on  earth  side  of  basement  wall  has  hardened 
sufficiently  to  prevent  damage. 

Supplement  For  Wet  Soil  Conditions 

Except  in  very  dry  sections  of  the  country  where  no  waterproofing  is  needed,  the 
surface  of  the  portland  cement  plaster  shall  be  given  a  waterproof  coating  extending 
from  6  in  above  the  ground  line  down  over  the  top  of  the  footing.  This  shall  consist  of 
two  heavy  coats  of  Portland  cement  base  paint.*  The  plaster  coat  shall  be  dampened 
prior  to  the  application  of  the  cement  paint  which  shall  be  brushed  on.  Each  coat  shall 
be  moist  cured.  An  alternate  waterproof  coating  shall  consist  of  two  continuous  coatings 
of  hot  bituminous  material  applied  at  right  angles  to  each  other  over  a  suitable  priming 
coat.**  Plaster  shall  be  surface  dry  when  primer  is  applied.  Primer  shall  be  dry  when 
bituminous  material  is  applied. 

4.  Courses  Supporting  Floors 

Floors  Having  Continuous  Bearing  on  Wall: 

a.  Where  floors  have  continuous  bearing  on  the  walls  the  course  of  masonry  which 
will  carry  the  floor  shall  be  constructed  of  either  solid  top  block  or  the  cores  shall  be 
filled  with  mortar  of  the  same  quality  as  used  in  laying  the  wall. 


*  Federal    Specifications    TT-P-21,    Type    I,    Class    B. 

**  Coal  -Tar    Pitch   ASTM   D   450   Type   B   and   Creosnt,-    Primer    \M'M    l>    43;    or    \sphal(    ASTM 
I)   449  Type   B  and   Asphalt   Primer  ASTM  D  41. 
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Floors  Supported  on  Joists  Bearing  on  Wall: 

b.  The  course  of  concrete  masonry  below  supporting  floor  joists  shall  be  constructed 
of  either  solid  top  block  or  the  cores  shall  be  Tilled  with  mortar  of  the  same  qualit)  as 
used  in  laying  the  wall. 

Alternate  For  P\k.  a  or  b  Above 

a.  The  course  of  m  isonrj    supporting  floor  construction  shall   be  of  solid  concrete 

masonry  units  and  shall  be  not  less  than  3%  in.  in  height. 

b.  Masonry  contractor  shall  provide  and  place  filler  units  between  joists  as  detailed 
on  the  plans,  using  mortar  of  the  same  quality  as  used  in  laying  the  wall.  A  clear  space 
of  at  least  1  in  shall  be  provided  between  the  outer  edge  of  floor  and  joists  and  the  ■-olid 
veneer  block  used  in  the  wall  facing. 

5.  Attachment   for  Wood  Sills  and  Plates 

a.  Masonry  contractor  shall  furnish  and  set  y2-  by  hS-in  bolts  at  4-ft  center-  for 
attachment  of  wood  base  sills  and  plates  as  detailed  on  the  plans.  Bolts  shall  be  set  in 
the  cores  of  the  concrete  masonry  units  and  such  cores  shall  be  filled  solid  with  mortar 
of  the  same  quality  as  used  in  laying  the  wall.  The  threaded  ends  of  the  bolts  shall 
project  above  the  top  course  of  masonry  a  sufficient  distance  to  secure  plates  and  wood 
base  sills  thereto  as  shown  on  plans. 

6.  Coping  and  Parapet  Walls 

a.  Contractor  shall  provide  and  place  copings  and  parapet  walls  as  detailed  on 
the  plans. 

b.  The  flashing  shall  be  installed  as  shown  in  details  on  plans.  All  joints  in  flash- 
ing shall  be  soldered  and  watertight.  Coping  units  shall  be  attached  to  masonry  walls 
with  dowels  as  shown  on  plans.  Dowels  shall  be  placed  at  least  12  in  from  joints  in 
coping. 

c.  Construction  at  junction  of  parapet  wall  and  roof  shall  be  as  detailed  on  plans 
with  counterflashing  embedded  in  the  masonry  walls  at  the  time  they  are  laid.  All  ex- 
posed masonry  wall  surfaces  on  the  inside  (roof  side)  of  the  parapet  wall  shall  be  water- 
proofed with  two  heavy  brush  coats  of  portland  cement  base  paint.* 

7.  Concrete  Sills  and  Lintels 

a.  Contractor  shall  furnish  and  place  precast  reinforced  concrete  lintels  over  all 
door  and  window  openings.  They  shall  be  of  type  and  dimensions  shown  i  n  plans.  They 
shall  be  firmly  bedded  in  mortar  of  the  same  quality  as  used  in  laying  the  wall.  Lintel 
reinforcement  shall  conform  to  the  lintel  reinforcement  schedule  shown  on  plans.   Top  of 

lintel  shall   be   marked   as   SUCh. 

\\  i erm \i i.  For  Lintels 

Where-  shown   on   plans,   lintels  shall   consist    ol    steel  angles  as  detailed 

b.  Contractor  shall  furnish  and  install  precast  com  red'  sills  of  size,  dimension  and 
finish  shown  on  scale  drawings  for  all  door  and  window   openings. 

c.  Sills  .-hall  be  set  level  in  accordance  with  scale  drawings  with  full  mortar  bed 

dings.   Head    joint-  shall   be  packed  tighl   and  pointed  after  mortar  h.i-  partially  hardened 
Federal    Specifications   TT-P-21,   Type    I     Clas     B 


M2        Buildings 

Lug  Sills  (Alternate  For  Par.  c  Above) 

Sills  shall  be  set  in  accordance  with  scale  drawings  as  walls  are  laid  up.  Only  the 
ends  of  the  sills  projecting  into  the  walls  shall  be  set  in  mortar.  After  the  walls  are  com- 
pleted the  balance  of  the  sill  shall  be  bedded  by  filling  and  pointing  from  both  sides. 

(Note:  Sills  serve  the  purpose  of  providing  watertight  bases  at  the  bottom  of  watt 
openings.  Made  in  one  piece,  there  are  no  joints  for  possible  leakage  of  water  into  wall 
below.  They  are  sloped  on  top  face  to  drain  water  away  quickly.  They  are  usually 
made  to  project  ll/2  to  2  in  beyond  wall  face  and  are  made  with  a  groove  along  the 
outer  edge  to  provide  a  drip  so  that  water  draining  off  the  sill  will  fall  free  and  not 
flow  over  the  face  of  the  wall,  causing  possible  staining. 

Slip  sills  are  popular  because  they  can  be  inserted  after  the  wall  proper  has  been 
built  and  therefore  require  no  protection  during  construction.  Since  there  is  an  exposed 
joint  at  each  end  of  the  sill,  special  care  should  be  taken  to  see  that  it  is  completely 
filled  with   mortar  and   the  joints  packed  tight. 

Lug  sills  are  so  called  because  they  project  into  the  masonry  wall  (usually  .?**  i" 
at  each  end)  the  projecting  parts  being  termed  the  "lugs".  There  are  no  vertical  mortar 
joints  at  the  juncture  of  the  sills  and  the  jambs.  Like  the  slip  sill,  lug  sills  are  usually 
made  to  project  from  ll/2  to  2  in  over  the  face  of  the  wall  and  are  provided  with  a 
groove  under  the  lower  outer  edge  to  form  a  drip.  Frequently  they  are  made  with 
washes  at  either  end  to  divert  ivater  away  from  the  juncture  of  the  sills  and  the  jambs. 
This  is  in  addition  to  the  outward  slope  on  the  sills. 

At  the  time  lug  sills  are  set,  only  the  portion  projecting  into  the  wall  is  bedded  in 
mortar.  The  portion  immediately  below  the  wall  opening  is  left  free  of  contact  with  the 
wall  below.  This  is  done  so  that  in  case  there  is  minor  settlement  or  adjustments  in  the 
masonry  work  during  construction  the  sill  will  be  freer  to  adapt  itself  to  such  minor 
wall  movements,  thus  avoiding  possible  damage  to  the  sill  during  the  construction  pe- 
riod. The  space  between  the  sill  and  the  wall  beloiv  is  filled  with  mortar  and  pointed 
after  the  exterior  walls  have  been  built.) 

d.  Sills  shall  be  protected  against  injury  or  staining  during  construction.  This  pro- 
tection shall  be  removed  at  the  time  the  wall  is  cleaned. 

8.  Flashing 

a.  Masonry  contractor  shall  provide  and  place  all  flashing  as  detailed  on  plans. 
Flashing  shall  consist  of  16-oz  copper  sheets  or  other  approved  non-corrodible  material. 

(Note:  Adequate  flashing  with  rust  and  corrosion  resisting  material  is  of  the  utmost 
importance,  because  it  prevents  water  from  getting  through  the  wall  at  vulnerable 
points.  Points  requiring  protection  by  flashing  are:  Tops  and  sides  of  projecting  trim,  on 
copings;  under  sills;  tops  of  window  and  door  openings;  at  intersections  of  wall  and 
roof;  under  built-in  gutters;  at  intersections  of  chimney  and  roof ;  and  at  other  points 
ivhere  moisture  is  likely  to  gain  entrance.) 

9.  Clean  Up 

a.  At  conclusion  of  masonry  work,  contractor  shall  remove  all  scaffolding  and 
equipment  used  in  the  work,  clean  up  all  debris  and  refuse  and  surplus  material  and 
remove  same  from  premises. 

(Note:  As  concrete  masonry  walls  should  not  be  cleaned  with  an  acid  wash  to  re- 
move mortar  smears  or  mortar  droppings,  rare  must   be  taken  to  keep  the  watt  surface 
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deem  during  construction.  Any  mortar  droppings  that  stick  to  the  block  ivall  should  be 
allowed  to  dry  before  removal  with  a  trowel.  When  dry  and  hard  most  of  the  remain 
ing   mortar  can   be  removed  by   rubbing  with   a   smirfl  piece  of  block  and  brushing   with 
a    stiff   bristle    brush.) 

Supplements — Sinn  as  Applicable  to  Jon 

A.  Chases 

Chases  for  heating,  plumbing  and  electrical  ducts,  pipes  and  conduits  shall  be  built 
into  concrete  msonry  walls  as  detailed  on  plans. 

B.  Furring  Strips 

Furring  strips  shall  be  nailed  directly  to  the  block  or  mortar  joints.  Special  hardened 
nails  shall  be  used  for  this  purpose. 

C.  Concrete   Masonry   Backing 

Concrete  masonry  backing  shall  be  bended  with  header  courses  of  the  facing  mate- 
rial as  detailed  on  the  plans. 

(Note:  Usual  requirement  for  masonry  bond  is  that  every  sixth  or  seventh  brick 
course  be  a  header  course.) 

D.  Concrete   Masonry    Veneer 

Facing  shall  be  tied  to  concrete  masonry  backing  with  approved  rust-resisting  metal 
ties,  spaced  at  not  more  than    ....   in  horizontally  and   ....   in  vertically. 

t.Xott:  The  veneer  shall  be  tied  into  the  backing  either  by  a  header  for  every  300 
sq  in  of  wall  surface  and  extending  at  least  3$/$  in  into  the  backing,  or  by  substantial 
non-corrodible  metal  ties  spaced  not  farther  apart  than  16  in  vertically  and  24  in 
horizontally.) 

E.  Cavity  Walls 

Cavity  walls  consisting  of  an  interior  will  ....  in  thick  and  an  exterior  wall  .... 
in  thick,  separated  by  a  ....  in  air  space,  shall  be  built  as  shown  on  plans.  The  interior 
and  exterior  walls  shall  be  tied  together  with  approved  metal  ties  spaced  not  more  than 
16  in  vertically  and  32  in  horizontally.  Ties  shall  be  staggered  in  alternate  courses. 

10.  Control  Joints 

a.  Provide  control  joints  (continuous  vertical  joints  built  into  concrete  masonry 
walls  at   locations  where  stresses  might   concentrate),  as  shown  on  plans. 

11.  Protection 

a.  At  the  end  of  each  day's  work,  cover  top  of  block  wall  with  building  paper 
or  tarpaulin  to  prevent   rain  or  snow  from  entering  the  cores. 
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Report  on  Assignment   3 
Prefabricated  Metal  Buildings  for  Railway  Use 

R.  E.  Lilliston  (chairman,  subcommittee),  J.  L.  Agee,  F.  R.  Bartlett,  J.  S.  Cooper, 
W.  G.  Harding,  J.  F.  Hendrickson,  I.  A.  Moore,  C.  W.  Morrison,  W  H.  Pahl, 
C.   L.   Robinson,  E.  R.  Shultz,  R.  C.  Smith,  J.  W.  Westwood. 

Your  committee  submits  the  following  final  report  as  information. 

Introduction 

A  prefabricated  metal  building  is  made  up  of  mass-produced  building  parts  designed 
and  manufactured  for  stock  instead  of  for  a  specific  building.  From  the  prefabricated 
metal  components  many  sizes  of  buildings  can  be  produced,  giving  a  wide  range  from 
which  to  choose,  thus  permitting,  to  a  large  degree,  a  purchaser  to  approximate  what 
he  could  get  in  a  custom-made  building. 

The  idea  of  prefabricated  metal  buildings  was  first  tried  out  about  50  years  ago.  It 
soon  became  obvious  that  success  would  depend  upon  production  in  substantial  volume. 
During  this  same  period,  progress  in  American  manufacturing  and  metallurgy  provided 
the  technical  foundation  for  volume  production  of  standard  steel  buildings.  At  least 
four  such  developments  should  be  mentioned: 

1.  Mass-production  techniques. 

2.  Use  of  standardized  interchangeable  parts. 

3.  The  invention  of  the  continuous  process  for  rolling  steel  sheets. 

4.  The  rapid  growth  of  research  facilities  in  the  steel  industry. 

Mass  production  without  mass  markets  is  useless.  However,  World  War  II  provided 
a  mass  market.  The  steel  building  industry  in  its  efforts  to  supply  large  quantities  of 
buildings,  made  great  progress  during  the  war.  When  peace  came  production  facilities 
were  available.  When  it  became  apparent  that  there  was  a  vast  need  in  the  civilian 
market,  it  also  became  apparent  that  the  characteristics  that  had  made  these  buildings 
suitable  for  military  use  also  applied  to  the  civilian  market. 

General 

During  the  post-war  years,  production  costs  of  standard  buildings  have  been  low- 
ered substantially  in  terms  of  man-hours.  Some  of  the  significant  technical  advances 
that  have  been  made  are:  the  growing  use  of  modular  coordination;  the  development 
of  metallic  coatings  for  steel;  the  development  of  accurate  information  about  the  prop- 
erties and  uses  of  cold-formed  light-gage  steel  structural  shapes;  the  demonstration  cf 
the  value  of  high-strength  bolts  by  AREA  Committee  IS;  development  of  the  theory  of 
plastic  design  of  steel,  which  principle  involves  designing  steel  to  stresses  past  its  elastic 
limits  at  certain  points  so  that  the  entire  frame  is  more  efficiently  designed. 

Economy 

The  economy  of  metal  buildings  is  derived  from  the  following  four  basic  facts: 

1.  Light  foundation  construction. 

2.  Low  erection  costs. 

3.  Low  maintenance  requirements. 

4.  Portability  and  versatility. 

Metal  buildings  exceed  most  classes  of  normal  railway  construction  in  the  strength- 
to-weight  ratio,  depending  on  strength  rather  than  mass  to  resist  natural  forces,  in  turn 
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lessening  the  direct  soil  bearing.  Footings  support  a  minimum  direct  load.  In  some  in- 
stances where  foundation  material  is  good,  the  dead  and  live  loads  are  light,  the  build- 
ings are  relatively  small,  and  the  effects  of  frost  are  negligible,  footings  may  be  eliminated 
in  favor  of  a  concrete  slab  with  the  perimeter  stiffened.  If  a  column-supported  system  is 
used,  it  may  be  that  all  foundation  can  be  eliminated  with  the  exception  of  column  piers 
and  footings,  depending  on  code  requirements  and  building  usage.  The  savings  in  the 
forming  and  pouring  of  reinforced  concrete  could  thus  be  considerable  in  an  installation 
of  even  moderate  size.  Lower  maintenance  stems  from  the  all-metal  construction.  Pe- 
riodic painting  of  a  galvanized  steel  covering  may  be  required  to  extend  its  life,  or  for 
appearance.  However,  where  various  protected  metals  or  non-corrosive  metal  coverings 
are  used,  painting  may  be  eliminated.  Metal  buildings  are  fabricated  in  multiples  of 
large  building  units,  saving  erection  time,  and  can  be  placed  by  one  trade  if  no  erection 
aids,  such  as  hoists  or  cranes,  are  required.  If  erection  aids  are  required,  more  trades  are 
introduced  on  the  job,  but  larger  units  can  be  set  in  place  and  the  work  goes  speedily. 
One  of  the  possible  advantages  of  prefabricated  metal  buildings  is  that  of  portability 
and  re-erection  at  a  new  location.  The  buildings  are  designed  in  multiples  of  standard 
units  and  hence  can  be  dismantled  and  re-erected  at  another  site  just  as  they  were  in 
the  first  instance.  A  change  of  location  of  the  buildings  requires  the  preparation  of  a 
new  site  and  foundation  which  by  the  nature  of  the  construction  is  of  a  minimum  class. 
It  must  be  recognized  that  all  refinements  or  elaborate  finishes  added  to  the  building, 
including  such  items  as  lighting,  heating,  plumbing,  drainage,  lining,  insulation,  etc.,  com- 
plicate the  procedure,  but  the  fact  remains  that  the  building  shell  is  subject  to  being  dis- 
mantled and  moved  with  fewer  complications  and  hence  more  economically  than  any 
other  type.  This  is  important  in  railroad  construction  where  facilities  are  continually  be- 
ing consolidated,  sections  lengthened  and  even  shops  relocated. 

Suitability  and  Type 

Railroad   facilities   for   which   metal   buildings  are   suitable   and   which   can   be   con- 
structed of  one  of  the  four  fundamental  types,  are  as  follows; 


Yard  and  Shop  facilities 

a.  Diesel  houses 

b.  Car  repair  shops 

c.  Machine  shops 

d.  Switchmen's  shelters 

e.  Blacksmith  shops 

f.  Equipment  storage 

g.  Utility  buildings 


h.  Locker  and  washrooms 

i.  Wheel  houses 

j.  Yard  offices 

k.  Warehouses 

1.  Paint  shops 

m.  Diesel  fuel  houses 

n.  Storehouses 


Maintenance-of-Way  Buildings 

a.  Tool  sheds 

b.  Radio  buildings 

c.  Signal  houses 

d.  Bunk  houses 


e.  Mi  Hoi   car  garage 

f.  Storage 

g.  Truck  garage 

h.  Track  machinery   storage 


1    Freight   Houses 


t    Passenger  Station.-, 
i    Waiting  shelters 
I)   Small  town  passengei  stations 
i     Combination  passenger  and  freight   station! 
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There  are  essentially  four  types  of  prefabricated  metal  building  structures: 
i.  Frameless 

2.  Arch  rib 

3.  Truss 

4.  Rigid  frame 

All  of  these  types  have  inherent  characteristics  that  will  dictate  the  desirability   of 

one  or  the  other  for  any  given  installation.  When  a  complete  study  of  the  program  re- 
quirements for  any  given  installation  is  made,  one  type  will  usually  be  found  to  fit  all 
the  needs  better  than  any  other.  Size,  geographic  location,  occupancy,  available  labor, 
cost  and  appearance  are  all  things  that  contribute  to  the  ultimate  choice  of  metal  build- 
ing type.  For  this  reason  a  short  discussion  of  each  type  is  in  order. 

/.  Frameless 

Frameless  metal  buildings  are  the  counterpart  of  the  conventional  wall  bearing 
structure.  Although  the  metal  used  in  such  structures  is  in  itself  light  gage,  sufficient 
strength  is  incorporated  in  the  metal  by  rolling  the  sheets  in  various  shapes  in  a  longi- 
tudinal plane,  with  such  deformations  as  corrugations,  flanges,  lips,  bevels,  etc.  The  indi- 
vidual panels  usually  adhere  to  a  certain  module  in  order  that  when  the  component 
parts  are  assembled,  standard  windows,  doors  and  accessories  can  be  used.  Generally, 
frameless  buildings  are  best  for  smaller  structures,  for  as  a  rule  the  inherent  economic 
advantage  of  this  type  of  prefabricated  metal  building  diminishes  as  the  cube  of  the 
building  increases.  In  addition,  there  are  limits  to  the  length  of  self-supporting  panels 
required.  This  varies  with  different  manufacturers.  This  type  of  building  requires  addi- 
tional independent  framing  for  any  load-carrying  devices  or  requirements  such  as  hoists 
or  crane  rails.  As  with  most  metal  buildings,  the  frameless  building  may  be  disassembled 
and  re-erected  without  loss  of  the  use  of  any  component  parts;  this  can  perhaps  be 
achieved  with  a  frameless  building  easier  than  with  any  of  the  other  types.  Invariably 
the  erection  of  a  frameless  building  is  easier  than  other  types,  and  it  can  be  achieved 
with  only  labor  forces  without  the  aid  of  other  trades.  The  frameless  building  has  prob- 
ably been  the  subject  of  more  refinement  than  any  other  type  building  (metal)  in  the 
esthetic  sense;  hence  the  elevations  can  be  presented  in  such  ways  as  to  disguise  the 
characteristics  of  the  "metal  buliding  look." 

2.  Arch  Rib 

The  acceptance  of  metal  buildings  as  an  economical  type  of  shelter  is  probably  due 
to  the  development  of  the  arch  rib  type  of  structure.  All  buildings  of  this  type  have 
the  typical  arch  silhouette,  and  for  this  reason,  are  less  adaptable  to  refinement  or  to 
the  incorporation  of  building  materials,  the  units  of  which  have  straight  sides  and  right- 
angle  corners.  This  is  not  an  economical  type  of  metal  building,  necessarily;  varying 
headroom  heights  in  the  interior  make  some  of  the  enclosed  area  undesirable  for  many 
classes   of   occupancy. 

This  type  of  building  does  have  the  advantage  of  using  simple  parts  with  little  or 
no  fabrication  in  the  field.  In  addition,  these  relatively  basic  component  parts  are  easily 
handled  in  shipping  and  storage — either  at  the  site  or  in  the  yard.  Less  flexibility  is  inher- 
ent in  these  buildings,  and  a  selection  of  widths,  lengths,  and  center  headroom  is  about 
all  one  can  expect  with  the  usual  choice  of  window  and  door  location.  The  arch  rib 
type  of  metal  building  is  probably  the  least  used  type  today,  although  at  one  time  ii 
dominated   the   industry. 
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3.  Truss 

The  truss-type  building  offers  most  of  the  advantages  that  are  lacking  in  the  two 
previously  discussed  types.  These  buildings  are  formed  by  supporting  a  series  of  trusses 
on  columns  with  a  system  of  girts  and  purlins  supporting  the  outer  covering  and  roof. 
Almost  any  reasonable  bay  size  can  be  achieved  with  this  type  of  construction,  and  it 
follows  that  any  reasonable  clear  span  is  available  with  an  appropriate  increase  in  truss 
depth.  All  truss  systems  can  be  utilized,  although  suppliers  have  adopted  standards 
unique  to  their  individual  operation.  This  hardly  limits  the  choice  of  this  type  of  build- 
ing. This  type  is  usually  selected  for  larger  installations  with  tremendous  clear  spans 
possible  utilizing  standard  stocked  units.  For  specialized  installations,  trusses  can  be 
fabricated  to  any  reasonable  span. 

In  most  cases,  interior  columns  are  not  objectionable,  and  usually  the  economies 
of  the  project  will  dictate  that  a  multiple-span  truss  system  is  the  only  logical  selec- 
tion for  framing.  The  headroom  clearance  depends  on  the  column  height,  which  is  un- 
limited for  all  practical  purposes.  Auxiliary  load-carrying  devices  such  as  hoists,  lifts, 
cranes,  etc.,  can  often  be  incorporated  in  the  truss-type  building  with  no  additional 
framing  system;  or  if  exceptional  loads  are  to  be  hand!ed,  the  building  frame  can  be 
increased  where  needed  to  accommodate  such  systems.  This  is  a  distinct  advantage  over 
the  frameless  or  arch  rib  type  of  building  where  every  auxiliary  system  requires  its  own 
independent  frame.  The  erection  of  a  truss-type  building  is  not  necessarily  more  difficult 
than  other  types,  but  as  the  primary  members  are  usually  larger,  the  storage  and 
handling  of  these  parts  may  present  more  problems.  Whereas  the  erection  of  the  two 
former  types  of  buildings  is  usually  all  hand  work  done  by  common  labor,  a  truss- 
type  building  usually  will  require  mechanical  construction  aids  such  as  mobile  cranes, 
hoists,  etc.  It  follows,  therefore,  that  when  such  aids  are  required,  more  construction 
trades  will   be   involved;   hence   the  ratio   of   labor  cost   to   material   cost   will   increase. 

Truss-type  buildings  lend  themselves  more  readily  to  the  inclusion  of  services  such 
as  heat,  light,  etc.  The  space  between  the  lower  chord  and  the  roof  is  often  utilized 
for  unit  heaters,  heat  ducts,  electrical  fixtures  and  conduits,  dust  collectors,  etc.  As 
building  loads  are  column  borne,  interior  partitions  can  be  freely  located  independent 
of  the  building  frame,  a  distinct  advantage  in  many  installations. 

4.  Rigid  Frame 

The  rigid  frame  technique  has  been  recently  applied  to  prefabricated  metal  build- 
ings, resulting  in  a  great  deal  of  interest  in  this  type.  It  is  probably  the  most  economical 
type  when  the  cost  of  the  installation  is  equated  to  the  useable  interior  space.  A  series 
of  rigid  metal  frames  with  a  secondary  system  of  girts  and  purlins  form  the  frame  of 
these  buildings  with  the  outer  covering  attached  thereto.  By  the  use  of  a  rigid  frame 
in  lieu  of  a  truss,  all  interior  space  is  clear  from  floor  to  bottom  of  the  frame.  This 
adds  greatly  to  the  useable  cube  of  the  building  ,and  is  something  to  consider  fully  in 
large  installations. 

ith  the  truss-type  building,  the  rigid  frame  will  provide  support  for  additional 
interior  load-carryim;  devices.  Interior  and  exterior  walls  can  be  located  irrespectively 
and  independently  of  the  rigid  frames;  and  this  type  of  structural  system  seems  to 
lend  itself  to  m,ire  contemporary  styling  of  the  elevations  than  the  other  types.  This 
point  may  or  may  not  be  worthy  of  consideration,  but  in  facilities  of  multiple  occupancy, 
it  is  well  to  note.  The  design  of  this  type  of  structure  has  advanced  to  a  degree  that 
man)  suppliers  have  standard  frames  available  to  fit  the  requirements  most  in  demand. 
It  should  be  noted  that  this  type  is  becomintr  increasing])  popular  due  to  the  Increased 
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useable  space,  and  many  installations  that  would  formerly  employ  columns  and  trusses 
are  now  being  built  with  rigid  frame  structural  systems. 

Providing  Services 

The  additional  services,  namely,  heat,  light,  and  plumbing  required  to  finish  a  metal 
building  offer  no  particular  problems  so  far  as  actual  installation  gees.  A  heating  sys- 
tem may  be  incorporated  in  a  metal  building  as  readily  as  any  other  type  of  structure ; 
however,  the  fact  must  be  recognized  that  the  heat  loss  in  any  metal  building  is  sub- 
stantial. Special  provision  must  be  made  when  designing  the  building  to  keep  this  loss 
in  the  realm  of  practicability.  All  the  benefit  that  can  be  gained  from  the  use  of  roof 
and  sidewall  insulation,  floor  and  perimeter  insulation,  small  or  protected  glass  areas 
must  be  considered.  In  areas  of  extremes  in  climate,  the  cost  of  heating  or  preparing 
a  metal  building  to  heat  or  cool  could  easily  be  the  determining  factor  in  rejecting 
the  use  of  a  metal  building.  The  problems  of  providing  lighting  and  plumbing  for  a 
metal  building  are  not  markedly  different  from  any  other  type  building.  The  general 
building  type  offers  no  inherent  obstacles.  Some  codes  and  inspection  bodies  require  a 
positive  grounding  system  for  all  metal  buildings,  and  perhaps  this  condition  should 
be  noted. 

Exteriors 

Many  installations  of  metal  buildings  require  no  additional  exterior  treatment. 
The  need  of  such  treatment,  in  fact,  could  be  incompatible  with  the  selection  of  the 
building  in  the  first  place.  This  would  include  most  yard  buildings,  wayside  buildings, 
storage  and  warehouse  facilities,  etc.  However,  much  can  be  done  to  alter  the  appear- 
ance of  metal  buildings  with  the  incorporation  of  contrasting  materials  on  the  exterior. 
All  the  masonry  materials  can  be  successfully  used,  but  special  provisions  must  be  made 
in  the  basic  structure.  Additional  foundation  and  footing  would  probably  be  required, 
vapor  barriers,  flashing,  waterproofing,  masonry  ties,  etc.,  should  be  considered.  Large 
glass  areas  can  be  used,  but  they  may  need  to  be  protected.  Projecting  window  panels 
should  be  above  head  height  and  possible  obstruction,  or  sliding  panels  should  be  used 
to  avoid  the  hazard  caused  by  the  projection.  Roof  overhangs  and  sunshades,  covered 
walks,  planting  boxes,  etc.,  may  be  used,  but  caution  should  be  exercised  in  the  use  of 
these  refinements  so  that  the  basic  economic  advantage  of  metal  building  is  not  dis- 
sipated by  the  use  of  additives.  The  painting  of  the  exterior  is  optional  in  most  cases, 
as  generally  the  metals  now  used  need  no  protection,  and  weather  uniformly.  Painting 
may  be  desired,  however,  and  the  manufacturers  recommendations  should  be  followed 
as  to  type  of  metal  coating  most  suitable  to  receive  paint,  the  type  of  paint,  prepara- 
tion and  application.  Some  manufacturers  are  now  furnishing  prepainted  panels,  but 
these  are  too  new  to  have  been  observed  in  use. 

Interiors 

As  with  exteriors,  in  many  cases  the  interiors  require  no  finish  other  than  the  basic 
services.  If,  however,  the  situation  demands  a  finished  interior,  much  can  be  done  to 
achieve  this.  Inside  walls  can  be  finished  with  any  of  the  plaster  boards,  hardboards, 
asbestos  cement  board,  wood  in  any  form,  plaster,  metal  panels  or  masonry  veneers. 
Installation  of  some  of  these  materials  require  that  sidewalls  be  furred.  It  is  practically 
a  prerequisite  of  inside  comfort  that  the  sidewalls  and  ceiling  be  adequately  insulated. 
Sandwich-type  panels  arc  now  available  that  contain  an  insulating  material  between 
finished    exterior    and    interior    metal    panel    surfaces.    All    types   and    forms   of   insulation 
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have  been  successfully  used,  but  of  course,  the  loose  or  wool  type  insulation  is  least 
desirable  in  the  sidewalls.  The  wool  type  can  be  used  very  successfully  over  hunc  ceil- 
ings of  metal  panels,  acoustical  materials  or  plaster,  either  wet  or  dry.  The  use  oi 
blanket-type  insulation  on  furring  strips  works  very  well,  and  the  inner  wall  surface 
can  be  applied  to  the  furring  strips  as  well  as  the  insulation.  Riuid  insulating  materials 
are  successful  in  sidewalls,  and  panels  consisting  of  a  rigid  insulator  backed  with  Haul 
board  or  asbestos  cement  board  work  very  well.  Again  the  use  of  furring  strips  is  prob 
ably  the  easiest  technique  for  attachment.  It  is  essential  that,  no  matter  what  type  wall 
covering  is  selected,  proper  insulation  and  a  vapor  barrier  be  used.  Ceilings  can  also 
be  treated  in  a  variety  of  ways.  Often  an  acoustical  material  is  employed.  Most  of  the 
hanging  systems  are  suitable,  and  the  frame  of  the  building  can  be  used  for  the  sus- 
pension base.  Some  metal  building  manufacturers  provide  standard  metal  ribbed  panels 
for  ceilings  and  partitions  that  are  modular  with  the  rest  of  the  building.  A  finished 
ceiling  has  the  added  advantage  of  providing  a  space  for  such  electrical  wiring  and 
heating  and  cooling  ductwork  as  may  be  required. 

Building  Requirements 

Specific  building  code  requirements  vary  greatly  over  the  country.  Local  influence 
is  usually  the  dominating  factor.  So  many  new  building  products  and  building  techniques 
had  developed  during  the  lQ40's  that  building  codes  had  to  be  changed  in  order  to  take 
advantage  of  the  new  building  products.  The  codes  in  many  cities  were  influenced  by 
the  four  major  model  building  codes.  The  result  was  a  reasonably  substantial  degree 
of  uniformity  of  building  design  criteria  country-wide.  Since  that  time,  code  improve- 
ments have  continued  at  a  good  rate.  Today  it  is  the  exception  rather  than  the  rule  to 
be  unable  to  construct  a  prefabricated  steel  building  because  of  building  regulations. 
There  has  been  a  trend  to  revised  local  codes  in  recent  years  and  this,  coupled  with 
refined  design  techniques,  has  demanded  that  local  authorities  be  more  receptive  to 
metal  building  installations.  Prefabricated  metal  buildings  can  be  engineered  to  meet 
the  demands  of  natural  forces  in  any  location  where  other  types  of  construction  are 
allowed,  and  these  buildings  have  been  successfully  erected  and  used  in  hurricane  and 
earthquake  regions. 

With  the  requirements  of  physical  design  largely  met,  it  is  mostly  the  restrictions 
imposed  by  fire  and  accoupancy  zoning  that  have  to  be  overcome.  It  should  be  recog- 
nized that  a  metal  building  standing  alone  with  no  special  treatment  will  in  all  probabil- 
ity receive  no  benefit  from  fire  ratings.  Any  benefit  will  probably  have  to  be  gained 
from  factors  other  than  the  type  of  building,  such  as  proximity  to  other  structures, 
size,  occupancy,  etc.  Even  when  metal  buildings  are  allowed,  it  may  be  the  case  that 
internal  systems  of  fire  warning  and  protection  need  to  be  incorporated  in  order  to 
make  this  type  structure  acceptable. 

The  majority  of  the  prefabricated  metal  building  industry  is  now  represented  by 
the  Metal  Building  Manufacturers  Association.  Their  publication  ''Recommended  Design 
Practices  Manual"  was  prepared  in  the  interest  of  encouraging  the  combination  of  better 
design  and  lower  cost  of  metal  buildings.  While  no  attempt  has  been  made  by  the 
MBMA  to  establish  values  for  snow  and  wind  load  For  specific  jurisdictions  (since 
building  codes  establish  these),  recommended  minimum  design  lead-,  and  bow  to  applj 
these  loads  to  all   types  of  construction,  have  been   included   in   their  manual, 

Conclusion 

The  prefabricated  metal  building  product  i-  n  w  considered  a  valuable  addition 
tu  the  long  list  of  other  standardized  products  from  which  can  be  economical!)  created 
i  structure  to  answer  sincle-story  building  requirement:  conforming  to  railway  use 
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To  conclude  this  report  your  committee  submits  a  sample  specification  for  a  pre- 
fabricated metal  building  that  calls  attention  to  those  items  that  need  to  be  considered 
in  this  type  of  structure.  Depending  on  the  particular  structure  and  associated  special 
conditions,  the  optional  features,  design  characteristics,  and  other  architectural  details 
may  require  that  descriptions  be  added  to  the  parts  of  the  specifications  given  in 
outline  form. 


SAMPLE  SPECIFICATION  OUTLINE  FOR  A  PREFABRICATED 
METAL  BUILDING 

1.  General 

The  steel  building  covered  by  these  specifications  shall  be  pre-engineered  and  pre- 
fabricated by   the   manufacturer  and  shall  satisfy   the  conditions  of   railway  company's 

drawings  No as  to  dimension,  appearance  and  material.  All  materials 

furnished  shall  be  new,  unused,  and  free  from  imperfection  and  blemishes.  Component 
parts  of  the  building  shall  be  delivered  to  the  railway  in  an  orderly  manner,  so  pack- 
aged for  the  easiest  handling  and  bearing  a  marking  system  for  ready  identification 
of  each  unit.  Finished  building  shall  be  weathertight  and  shall  be  capable  of  being 
dismantled   and   re-erected. 

2.  Erection  (Optional) 

The  building  manufacturer  shall  erect  the  building  on  foundation  provided  by  the 
railway.  Manufacturer  shall  furnish  necessary  anchor  bolts,  templates  and  plans  for 
setting  anchor  bolts. 

3.  Design 

Live  load  on  horizontal  projections   lb/sq  ft 

Wind  load  on   vertical   projections   lb/sq  ft 

Special  loads  frames,  cranes,  monorai's,  etc lb/sq  ft 

Above  loads  to  be  in  addition  to  applicable  dead  loads. 

Roof  panels  to   be    ga 

Sidewalls   to   be    ga 

Partition  panels  to  be   ga 

Ceiling   panels   to   be    ga 

Structural  members  not  included  above  shall  be  as  shown  on  drawings. 

4.  Materials 

Material   covered   by   these  specifications  shall   include: 

a.  Structural  Frame 

b.  Parts  for: 

(1)  Walls 

(2)  Roof 

(3)  Ceiling 

(4)  Partitions 

c.  Accessories: 

(1)  Anchor  bolts 

(2)  Fasteners 

(3)  Doors 
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(a)  Pedestrian      (glazed  >  (unglazed) 

tin  Sliding  (glazed)  (unglazed J 

(c)   Overhead        (glazed)  (unglazed, 

(4)  Windows        (size )  ( type ) 

(5)  Glass   in   place  (type ) 

(6)  Screens 

(7)  Louvres         (size )  (type I 

(8)  Plastic 

panels  (size )    (type I 

(9)  Ventilators     (size )   (type ) 

(10)  Hardware 

(11)  Canopies 

(12)  Gutters  and  downspouts 

(13)  Caulking  and  glazing  materials 

( 14)  Insulation    (optii  nal  I 

Items  to  be  furnished  by  the  railway: 

(1)  Foundations 

(2)  Floors 

(3)  Heating  and  air  conditioning 

(4)  Electrical  wiring 

(5)  Plumbing 

(6)  Insulation  (if  not  included  above) 

(7)  Inside  finish  and  trim  to  be  applied  (if  not  included  above) 

(8)  Drain  lines  for  downspouts 

(9)  Painting 
(10)   Stacks 

5.  Drawings 

Manufacturer    shall    furnish    complete   set    of    standard    ship    or    erection    drawings 

and  assembly  instructions  for  use  in  the  field,  and   sets  of  prints  of  manufa< 

turers   special   detail   drawing;   for   this   building 


Report  on  Assignment  4 
Wind  Loading  for  Railway  Building  Structures 

G  V  Morison  (chairman,  subcommittee i .  |.  H  Adam-.  Jr.,  G.  J.  Bleul,  F.  1>  DaJ 
L.  A.  Durham,  Jr.,  V.  E.  Elshoff,  I.  G.  Forbes,  W.  G.  Harding,  W.  R.  Ihma.  L.  S 
Newman,  W.  H.  Pahl,  Loren  Shedd,  R.  C.  Turnbell,  T.  S.  William-   \\    C    Panarese. 

Your  committee  submits  as  information   the   following   report   •  f  progress  on   the 
investigation   of   wind    loading    for   railway    building   structures. 

Since  at  least  one  railway  floodlight  lower  had  collapsed  due  to  high  winds  and 
no  scientific  data  appeared  to  have  been  developed  on  the  behavior  oi  steel  towers 
under  exposure  to  high  wind-,  your  committee  requested  the  research  staff  of  the  Engi 
neering  Division,  AAR.  to  investigate  the  behavioi  ol  a  typical  floodlight  tower  under 
such  conditions.  One  field  test  was  carried  out  in  1958  on  a  120-  ft  framed  floodlight 
tower  in  the  Santa  Ke  Railway  yard  at  Clovis,  V  M  Ii  is  hoped  that  a  second  field 
test  can  be  made  on  a  monotube  type  tower  on  the  Seaboard   Airline  Railroad  in  ilJ''i 
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The  report  of  the  AAR  research  staff  on  the  test  at  Clovis  was  printed  in  the  Sep- 
tember-October 1960  Bulletin.  The  data  presented  indicate  that  during  wind  a  flood- 
light tower  is  subjected  to  continuously  fluctuating  wind  velocities  and  is  continually 
in  motion  under  action  of  the  wind.  It  seems  reasonable  to  conclude  on  the  basis  of  this 
test,  that  in  the  design  of  such  a  tower,  consideration  should  be  given  to  adding  a 
dynamic  effect   to   the  static  lo.ids  currently  used. 


Report  on  Assignment  6 

Modernization  of  Power  Plants  and  Heating  Systems 
for  Railway  Buildings 

D.  A.  Bessey  (chairman,  subcommittee),  D.  W.  Converse,  J.  S.  Cooper,  V.  E.  Elshoff. 
T.  J.  Engle,  C.  S.  Graves,  J.  W.  Gwyn,  J.  D.  Moore,  L.  J.  Nichols,  W.  C.  Oest, 
J.  T.  Rowan,  J.  B.  Schaub. 

In  the  past  several  years  many  changes  have  taken  place  on  American  Railroads 
due  to  dieselization,  centralizing  of  locomotive  and  car  repair  operations,  decrease  in 
passenger  business,  and  consolidation  and  concentration  of  all  departments  and  offices. 
These,  in  turn,  have  brought  about  changes  in  the  physical  plant  of  the  railroad  indus- 
try. The  consolidation  of  facilities  and  abandonment  of  many  buildings  and  related 
installations  brought  about  by  these  changes  have  greatly  affected  the  requirements  for 
power  plants  and  heating  facilities. 

A  review  of  existing  steam  power  plants  and  heating  systems  may  indicate  that  a 
justifiable  savings  can  be  effected  by  making  alterations  to  the  present  system,  replacing 
the  present  system  with  new  equipment,  or  changing  the  type  of  power  plant  or  heat- 
ing system  involved.  The  potential  savings  occur  because  power  plants  or  heating  sys- 
tems are  greatly  oversized  due  to  reductions  in  building  heating  requirements,  coach 
heating,  or  in  process  steam  demands.  In  other  cases  the  facilities  served  by  the  heating 
plant  may  present  an  equal  or  greater  demand,  although  the  power  plant  or  heating 
facilities  are  obsolete  and  inefficient.  A  third  possibility  for  increased  efficiency  or  econ- 
omy may  be  brought  about  by  retention  of  present  equipment  and  facilities,  changing 
the  type  of  fuel,  or  supplementing  equipment  to  burn  more  than  one  fuel. 

The  study  and  analysis  of  power  plants  and  heating  facilities  should  include  the 
present  demands  for  heating  facilities,  operating  pressure,  present  fuel,  labor  and  equip- 
ment maintenance  costs,  and  the  future,  long-range  plans  for  the  terminal  or  facility 
involved.  The  study  involving  the  modernization  of  power  plants  and  heating  systems 
for  railway  buildings  requires  the  assistance  and  cooperation  of  all  departments  con- 
cerned. In  working  with  the  various  departments  involved  in  the  preparation  of  the 
study  and  analysis  of  power  plants  and  heating  system  installations,  not  only  may  it 
be  found  advantageous  to  carry  out  various  operational  changes  and  retirements  at  the 
terminal  or  facility,  but  the  electrification  of  steam-operated  air  compressors,  pumps, 
generators  and  other  steam-powered  equipment  may  prove  to  be  justifiable.  These 
studies  have  to  be  carried  out  in  their  entirety  at  each  specific  location,  as  each  terminal 
or  facility   differs  in  demand,  operation  and  condition  of  existing  facilities. 

There  is  a  vast  variation  of  power  plant  and  heating  system  requirements  through- 
out the  railway  industry.  High-pressure  steam  plants  are  generally  in  operation  at  the 
larger  terminals  or  facilities  for  the  purpose  of  heating  numerous  buildings,  the  heating 
and  air  conditioning  of  passenger  equipment,  and  other  process  steam  usages.  Low- 
pressure  systems,  utilized  at  smaller  terminals  or  facilities,  provide  steam  for  a  limited 
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amount  of  passenger  equipment  and  various  minor  steam  uses,  such  as  cleaning  opera- 
tions, heating  water,  etc.  Where  consolidations  and  retirements  have  been  extensive, 
retaining  only  one  or  two  buildings  to  carry  on  a  limited  operation,  it  may  be  found 
that  large  high-pressure  or  low-pressure  plants  can  be  replaced  with  small  steam  or  hot 
water  boilers  for  heating  only.  If  the  reduction  in  heated  space  has  further  resulted  in 
the  retaining  of  only  a  small  portion  of  enginehouse  facilities  and  other  small  structures, 
economies  can  be  made  by  resorting  to  self-contained,  hot-air  units  or  space  heaters. 
The  type  of  plant  or  heating  system  to  be  considered  depends  greatly  on  the  size  of 
the  terminal  or  facility  involved,  as  well  as  laws  and  regulations  governing  the  opera- 
tion of  heating  systems.  The  installation  of  modern  power  plants  and  heating  systems 
primarily  utilizes  oil  or  gas  fuels;  however,  there  are  also  advantages  to  replacing  an- 
tiquated equipment  with  modern,  automatic,  coal-tired  equipment,  one  advantage  being 
lower  fuel  costs.  To  obtain  the  maximum  economies  and  performance,  it  is  important 
to    select    the   proper   type   of   equipment. 

Water  tube  boilers  are  the  most  practical  and  widely  used  for  large  high-pressure 
and  large-capacity  installations.  The  package-type  water  tube  boiler,  similar  to  those 
used  in  diesel  locomotives  for  car  heating  and  air  conditioning,  are  also  used  for  smaller 
high-pressure  installations.  The  advantages  of  this  type  of  installation  are  automatic 
operation,  the  familiarity  of  mechanical  personnel  with  the  equipment,  and  the  high 
efficiency  of  the  boiler  with  variable  steam  demands. 

The  horizontal  return  tube  boiler  is  widely  used  for  large  high-pressure  systems. 
Depending  upon  the  various  manufacturers'  designs,  this  fire  tube  boiler  has  a  firing 
capacity  up  to   100  percent  over  its  rated  capacity. 

The  scotch  marine  fire  tube  boiler,  which  is  available  in  a  large  range  of  capacities 
and  operating  pressures,  is  a  very  desirable  boiler  for  installation  at  medium-size  ter- 
minals. The  high  efficiency  of  this  type  of  boiler,  achieved  through  a  three-  or  four- 
pass  design,  responds  to  varying  demands  without  loss  of  efficiency.  Scotch  marine 
type  packaged  boilers  are  economically  mass  produced  by  a  number  of  manufacturers 
and  are  particularly  suited  for  low-pressure  steam  operation. 

Cast  iron  sectional  boilers  and  steel  boilers,  available  in  various  capacities,  are 
desirable  for  the  smaller  terminals  or  individual  building  heating.  Cast  iron  boilers  are 
more   resistant   to   corrosion   and   less  expensive   in   initial   cost. 

Space  heaters  or  self-contained  hot  air  unit  heaters  are  desirable  and  economical 
for  heating  loads  consisting  of  small  remote  buildings,  one  or  two  small  enginehouses 
and  other  railway  buildings  that  no  longer  warrant  the  operation  of  a  central  heating 
plant.  Oil-  or  gas-fired  units  of  this  type  are  economical  in  connection  with  initial 
installation   costs,   maintenance  and   economies  derived   from   positive  control. 

From  the  information  compiled  during  the  study  and  analyzing  process,  the  icon 
omies  and  savings  that  can  be  brought  about  by  modernizing  or  altering  power  plants 
and  heating  systems  m  iv  be  considerable.  The  economies  producing  the  maximum 
savings  are  reduction  in  labor  costs  brought  about  by  the  elimination  of  stationary 
firemen  when  converting  hand-fired  coal  installations,  when  changing  from  high-pie— un- 
to unattended  automatic  low-pressure  systems,  and  reduced  labor  through  the  elimina- 
tion of  coal  handling  and  removal  of  ashes.  Additional  economies  may  be  made  through 
increased  efficiency  of  a  new  power  plant  or  heating  boiler,  changing  to  a  more  eco- 
nomical fuel  or  dual  fuel  burning  equipment  in  existing  plant,  and  the  selection  of  the 
proper  type  and  size  ol  system  when  replacement  is  made,  Along  with  the  Installation 
hi  new  boilers  or  supplementary  equipment,  these  alterations  general!)  involve  up 
grading  the  entire  heating  system,   ilm^  effecting  additional  savings  in  efficiency     The 
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modernization  of  power  plants  and  heating  systems  in  most  instances  is  concurrent 
with  the  consolidation  of  terminal  facilities,  and  it  will  be  found  that  further  savings 
may  he  made  possible  through  the  elimination  of  heated  space  no  longer  required  and 
the   retirement   of   unnecessary  steam   lines  throughout  a   terminal. 

In  a  general  survey  carried  out  in  105°  involving  many  railroads,  it  has  been 
determined  that  the  modernizing  and  altering  of  power  plants  and  heating  systems  has 
effected  an  average  annual  return  of  40  percent  based  on  the  expenditure  for  carrying 
out  these  modernizations  and  alterations. 

In  many  instances  where  antiquated  power  plants  and  heating  systems  are  replaced 
with  automatic  packaged  boilers,  greater  savings  have  been  attributed  to  the  elimina- 
tion of  labor  costs  and  increased  efficiencies.  In  accepting  the  large  savings,  considera- 
tion must  be  given  to  the  need  and  cost  of  inspecting  and  maintaining  the  new  auto- 
matic equipment.  Most  automatic  packaged  boilers  contain  many  complex  controls  and 
protection  apparatus  which  are  foreign  to  mechanical  personnel  familiar  with  the  old, 
manually  operated  heating  plants.  It  is,  therefore,  necessary  to  employ  personnel  versed 
in  this  type  of  equipment  or  arrange  for  commercial  specialists  to  properly  inspect  and 
maintain  the  new  power  plant  and  heating  equipment. 

The  analyzing  of  power  plants  and  heating  systems  at  the  various  terminals  and 
facilities  in  carrying  out  a  modernization  program,  utilizing  modern  equipment  or  mod- 
ification of  existing  equipment,  will  produce  appreciable  savings  in  the  operation  and 
maintenance  of  the  physical  plants  of  the  American  railroads. 


Report  on  Assignment  7 
New  Structural  Systems  for  Railway  Buildings 

G.  H.  McMillan  (chairman,  subcommittee),  J.  H.  Adams,  Jr.,  J.  L.  Agee,  W.  F.  Arm- 
strong, G.  J.  Bleul,  R.  L.  Fletcher,  I.  G.  Forbes,  H.  R  .Helker,  J.  D.  Hubbard, 
W.  R.  Hyma,  W.  C.  Panarese,  Loren  Shedd,  E.  R.  Shultz,  R.  C.  Turnbell. 

Your  committee  submits  the  following  report  as  information.  Together  with  the 
report  on  masonry  construction  which  was  published  in  the  Proceedings,  Vol.  61,  1960, 
pages  380  to  386,  it  completes  our  assignment  on  the  above  subject.  The  committee 
feels  that  this  material  may  assist  railway  architects  and  engineers  in  giving  considera- 
tion to  many  of  the  newer  types  of  construction  in  the  design,  fabrication,  and  erection 
of   buildings   for   railway    uses. 

New  developments  in  the  field  of  buildings  for  railway  use  have  been  made  in  steel 
and  lighter  metals,  wood,  plastics,  and  special  fasteners,  as  well  as  in  masonry.  A  descrip- 
tion of  some  of  these  new  methods  follows,  supplementing  last  year's  report,  which 
was  presented  under  the  heading:   A.  Masonry. 

B.  METAL 
1.  Prefabricated 

a.  Sheet  Metal  With  and  Without  Metal  Framework 

The  prefabricated  metal  building  has  been  and  still  is  being  used  by  the  railroads 
in  many  sizes  and  types  ranging  from  the  smallest  of  shelters  for  signal  and  pumping 
equipment  to  vary  large  freight  house  and  shop  installations.  New  developments  in 
this  type  include  the  use  of  plastic  roof  and  sidewall  panels  to  provide  better  natural 
lighting  and  the  use  of  alumnized  coating,  as  well  as  the  familiar  galvanizing,  and  gal- 
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vanized  steel  with  asbestos  and  asphalt  base  coatings.  In  several  experimental  installa- 
tions porcelainized  steel  building  panels  have  been  used.  By  using  standard  prefabricated 
panels  and  frames  in  conjunction  with  varying  types  of  masonry  construction,  some 
interesting  and  unusual  architectural  effects  may  be  obtained.  Interior  finish  varies  with 
the  use  to  which  the  building  is  to  be  put.  Insulation  is  used  where  the  building  is  to 
be  heated  or  cooled.  Prefabricated  buildings  are  flexible.  They  may  be  added  to  as  the 
need  arises,  and  if,  after  a  few  years,  the  need  for  a  building  no  longer  exists,  it  Way 
be  dismantled  and  moved  to  a  new  location,  with  only  the  loss  of  the  foundation  on 
which  it  was  originally   constructed,  and   the  interior  finish   and  some   fasteners. 

b.    Curtain    Wall   Panels    (Insulated) 

Prefabricated  curtain  wall  panels  are  being  used  extensively  in  new  building  con- 
struction, as  well  as  in  remodeling  and  refacing  old  buildings.  They  usually  consist 
of  a  metal  panel  formed  to  fit  and  to  be  bolted  to  structural  framework.  The  exterior 
finish  of  the  panels  may  be  stainless  steel,  porcelain  enameled  steel  in  any  color  desired, 
or  aluminum  in  natural  finish  or  colored  by  the  anodizing  process.  Often  the  panels 
are  embossed  in  designs  to  fit  the  architectural  pattern  of  the  building.  Usually  a  unit 
consists  of  a  window  and  its  adjacent  panel,  above  or  below,  and  may  include  inter- 
mediate mullions  or  headers  to  close  completely  an  opening  in  the  building  frame. 
Combinations  of  colored  panels  with  mullions  and  headers  of  stainless  steel  or  aluminum 
provide  a  very  attractive  appearance  and  a  surface  easy  to  clean.  Panels  are  effectively 
insulated  with  various  types  of  noncombustible  insulation  as  required  by  fire  code 
regulations.  This  can  be  done  in  the  prefabrication  of  the  panels  at  the  fatcory  or,  in 
some  cases,  after  the  panels  are  put  into  their  final  position  in  the  building.  Interior 
finish  is  usually  applied  in  the  field  after  erection,  but  may  also  be  applied  at  the  fac- 
tory. The  result  is  a  great  saving  in  weight  over  the  usu.il  masonry  construction  and 
a  reduction  in  the  dead  weight  of  the  outside  walls  which  permits  reduced  size  of 
exterior  columns,  beams  and  foundations. 

In  a  "face-lifting"  job  on  an  existing  building,  the  exterior  can  be  modernized 
and  streamlined  by  removing  projecting  masonry  parapets,  sills  and  other  features  and 
substituting  a  new  smooth  skin,  light  in   weight,  durable  and   modern. 

New  windows  are  usually  included  in  a  refacing  job,  and  many  new  types  are 
available  in  steel  and  aluminum  to  lit  in  with  the  type  of  panels  used  and  to  match 
the  architectural  features  of  the  building.  In  new  air-conditioned  buildings,  the  win- 
dows are  often  fixed  in  place,  thus  in  effect  providing  a  glass  panel.  The  glazing  i> 
usually   double   to   provide   for  better   insulating  qualities. 

In  industrial  construction,  formed  plastic  panels  are  often  used  instead  of  glazing 
in  the  upper  portions  of  a  shop  or  warehouse  building.  These  panels  are  not  subject 
to  breakage,  are  translucent  and  admit  considerable  daylight.  They  are  made  bo  fn 
together  effectively  with  adjacent  formed  met  i]  panels  and  special  gaskets  are  available 
to   make  joints   weatherproof. 

2.  Partly  Prefabricated 

a.  Steel 

One  of  the  newer  types  ,<\   steel  buildings  is  the  geode&ii    dome.    The  earliest   rail 
way  application  of  this  type  was  in  the  construction  of  a  ear  repair  shop  for  a  tank 
car  company.  This  dome  is  384  fl  in  diameter  and  [20  it  high,  and  is  approximately 
a    quarter   sphere. 
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The  dome  may  be  more  accurately  described  as  a  three-dimensional  curved  truss 
approximately  4  ft  in  depth,  constructed  of  steel.  The  inner  tension  member  of  the 
truss  is  an  11 -gage  (about  %  in)  steel  sheet  formed  into  a  hexagonal  pyramid.  These 
pyramids  are  then  welded  together  at  the  edges  of  their  bases  to  form  the  weathering 
surface.  The  outer  compression  members  of  the  truss  are  4-in  steel  pipe  sections  arranged 
in  a  hexagonal  pattern  and  connected  by  tension  rods  to  the  vertex  of  the  pyramid 
and  to  the  corners  of  the  hexagonal  base.  The  pipes  and  rods  form  great-circle  grid 
lines.  In  a  second  car  repair  shop  of  this  type,  recently  completed  by  the  same  company, 
the  construction  has  been  simplified  to  eliminate  the  tension  rods.  The  11 -gage  steel 
sheets  are  welded  into  hexagonal  pyramids  as  before.  However,  the  arrangement  of 
the  steel  pipe  compression  members  has  been  changed  from  a  hexagonal  to  a  triangular 
pattern,  and  they  are  attached  directly  to  the  vertices  of  all  of  the  adjoining  pyramids. 
Further,  the  pipe  size  has  been  increased  from  4  to  6  in. 

Costwise,  the  dome  building  is  remarkedly  economical.  The  completed  building 
contains  over  500  tons  of  steel,  yet  the  finished  structure  exerts  no  more  weight  on  the 
foundation  at  any  point  than  an  automobile  tire  on  the  ground.  In  relation  to  its  size, 
the  thickness  of  the  shell  is  much  less,  proportionally,  than  that  of  an  eggshell.  The 
dome  provides  110,000  sq  ft  of  floor  space  unimpeded  by  columns.  Its  design  is  based 
on  a  proprietary  structural  system. 

The  erection  of  the  second  dome  building  was  done  in  a  novel  manner,  using  a 
nylon  curtain  at  the  base  to  retain  air  pressure,  on  which  air  cushion  the  dome  was 
floated,  with  panels  being  welded  on  around  the  perimeter.  Air  pressure  of  only  1.45  oz 
above  atmospheric  supported  the  dome  during  erection.  The  pressure  was  increased 
to  1.6  oz  to  raise  the  dome  before  adding  a  new  ring  of  panels.  Guys  and  jacks  were 
used  to  provide  stability.  A  vent  at  the  top  was  used  to  adjust  air  pressures  inside 
the  dome. 

Future  applications  in  the  railroad  field  will  depend  mainly  on  the  requirements 
for  buildings  having  a  circular  floor  plan.  The  existing  building  appears  to  provide 
facilities  for  fast  and  flexible  handling  of  the  cars  being  repaired.  None  of  the  repair 
work  is  delayed  by  the  car  ahead  of  it,  as  sometimes  occurs  in  a  rectangular  shop. 
The  stores  area  near  the  center  of  the  building  is  as  close  as  possible  to  the  work 
areas,  and  the  time  required  to  move  the  cars  is  near  a  minimum.  The  covering  of 
the  transfer  table  and  its  circular  track,  as  well  as  the  transfer  tracks,  is  functionally 
unnecessary.  However,  it  is  inherent  in  the  dome  design.  This  same  design  permits  the 
construction  of   a   tower   for  the  shop  superintendent   which   overlooks  the  entire  area. 

The  conversion  of  an  existing  locomotive  roundhouse  with  its  turntable  to  a  car 
repair  shop  will  provide  the  same  advantages  of  a  flexible  and  rapid  car  movement. 
There  are  two  disadvantages,  however,  when  compared  to  a  circular  floor  plan  having 
a  transfer  table  traversing  a  circular  track.  One  is  the  usually  inadequate  space  between 
tracks  in  the  work  areas  and  the  second  is  the  necessarily  longer  distance  between  the 
repair  and  store  areas. 

b.  Space  Frame  Construction 

A  structural  framework  with  its  members  arranged  to  act  simultaneously  in  three 
directions  is  called  a  "space  frame."  All  framed  structures  are  in  a  sense  "space  frames" 
since  they  have  depth,  length  and  thickness.  However,  a  true  space  frame  possesses 
qualities  of  positive  action  in  all  three  dimensions.  This  type  of  construction  is  rather 
new.   However,   on   one   recently   designed   building   now   in    construction,   which   covers 
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tour  acres,  the  roof  framing  supported  on  columns  at  48-ft  centers  amounted  to  only 
13.7  lb  per  sq  ft  of  roof,  which  is  a  very  economical  figure.  This  type  of  construction 
is  applicable  to  large  railway  buildings  such  as  shops  or  freight  terminals. 

c.  Lighter  Metals 

The  lighter  metals,  such  .is  aluminum  and  magnesium  and  their  alloys,  have-  not 
been  used  a  great  deal  for  structural  framing  of  buildings  except  in  smaller  geodesii 
dome  buildings,  but  their  use  as  panels  and  framing  for  doors  and  window  members  is 
rapidly  on  the  increase.  When  used  for  this  purpose  these  light  metals  provide  an  attrac- 
tive finish  which  requires  no  painting  and  little  care  other  than  washing. 

3.  New  Design  Procedures 

In  the  design  of  structural  steel  lor  buildings,  several  new  concepts  are  being  used 
which  are  worthy  of  note. 

One  of  these  concepts  is  that  of  plastic  design.  The  American  Institute  of  Steel 
Construction  has  recently  published  recommended  procedures  and  specifications  for 
such  design  in  its  manual  "Plastic  Design  In  Steel."  This  method  of  analysis  represents 
one  of  the  most  significant  advances  in  the  design  of  steel  buildings  in  recent  years. 
By  the  use  of  plastic  design,  the  engineer  can  save  both  design  time  and  steel  and  still 
assure  himself  of  a  realistic  factor  of  safety  when  compared  to  elastic  design  proce- 
dures. This  is  especially  true  of  the  design  of  rigid  frames  where  elastic  analysis  of 
statically  indeterminate  frames  can  be  quite  lengthy.  The  design  methods  in  plastic 
analysis  are  considerably  simpler,  especially  in  the  design  of  less  typical  structures  such 
as  long-span  rigid  frames. 

Another  recent  development  in  design  which  saves  on  quantity  of  steel  is  the  use 
of  tapered  girders  and  tapered  beams,  including  cantilever  sections  where  both  width 
of   flange  and  depth   of   beam   are   variable. 

The  use  of  tapered  beams  and  girders  for  framing  to  support  roofs  over  lame 
areas  where  it  is  desirable  to  limit  the  number  of  columns  has  become  increasingly 
popular  in  recent  years.  Usually  the  two  halves  of  the  web  are  cut  from  one  rectangular 
plaje.  rotated  and  then  spliced  to  give  the  maximum  depth  at  midspan.  The  flanges 
are  welded  to  the  web  to  complete  the  tapered  girder  or  beam.  Roof  loads  are  rela- 
tively light,  so  that  tapered  beams  and  girders  may  generally  be  fabricated  from  light- 
weight plates,  the  thickness  being  limited  only  by  the  maximum  web-to-depth  thickness 
provisions  of  the  AISC  specifications. 

Where  girders  are  used  with  the  sloped  flange  up,  the  taper  in  both  directions 
from  the  ridge  provides  the  slope  for  roof  drainage.  By  varying  the  end  depth  of  suc- 
cessive girders,  the  deck  can  be  canted  to  drain  toward  roof  boxes  in  valleys  between 
adjacent  gabled  spans  and  at  parapet  walls.  For  flat  roofs,  the  girders  are  usually 
inverted,  with  tapered  flange  down.  Where  a  gable  ridge  is  called  for  in  the  center 
span  of  three  spans  across  the  width  of  a  building,  inverted  girders  ne  used  for  the 
outside  spans,  continuing  the  same  slope  of  decking  to  the  wall- 
Economy  of  construction  is  realized  by  diminished  overall  height  of  outside  walls 
as  i  result  of  the  reduced  depth  of  web  at  the  end-  of  the  girders.  Fabrication  of  tapered 
nirders  and  beam-  i-,  >,\  course,  more  expensive  than  the  use  of  rolled  sections,  but 
-avings  in  weight  make  this  type  oi  construction  competitive. 

Where   cantilevered   girders  or   beams  are   required    foi    support    ol    rool    overhang 
the  Hanges,  as  well  a-  the  web.  ma)   be  tapered,  so  that  the  section  i-  more  nearlj   in 
accordance    with    bending    moment    requirement,    being    heavy    at    the    support    and    light 
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at  the  unsupported  end.  The  U.  S.  Navy,  and  the  Welding  Research  Council  have  con- 
ducted a  study  entitled  "Cantilever  Wedge  Beams"  which  provides  information  on  this 
type  of  construction. 

These   design   methods  arc   readily   applicable   to   mosl    types   of   railway   buildings. 

4.  Partial   Systems    (Combined   With   Usual  Construction) 

The  reductions  in  weight  of  structural  steel  in  buildings  is  largely  a  result  of  the 
use  of  prefabricated  exterior  wall  panels  and  also  of  the  use  of  new  systems  of  floor 
construction  and  fireproofing  in  multi-story  buildings. 

The  use  of  reinforced  concrete  slab  floors  supported  on  steel  beams  encased  in 
concrete  is  rapidly  being  replaced  in  newer  buildings. 

In  one  type  of  construction,  a  mesh  reinforced  concrete  floor  slab  about  l1/*  in 
thick  is  supported  on  open-web  joists,  popularly  referred  to  as  "bar  joists,"  spaced  at 
about  24-in  centers,  which  in  turn  are  supported  by  the  floor  beams.  A  fire-resistive 
ceiling  is  suspended  from  the  bottom  flange  of  the  bar  joists  and  also  protects  the 
floorbeams. 

In  another  type  of  construction  light  beams  or  junior  beams  with  solid  webs  are 
used  at  a  wider  spacing  than  is  possible  with  bar  joists.  A  steel  mesh  reinforced  con- 
crete floor  is  then  placed  on  top  of  the  beams  and  a  fire-resistive  ceiling  below.  In 
either  bar-joist  or  light-beam  systems  the  space  between  concrete  slab  and  ceiling  may 
be   used   for   wiring   and   piping. 

A  type  of  construction  now  enjoying  great  popularity,  due  to  low  cost  and  light 
weight,  uses  light-gage  metals  of  either  the  cellular  type  which  supports  the  floor  load 
by  itself,  or  the  ribbed,  corrugated  or  channel  type  in  composite  sections  with  a  rein- 
forced concrete  slab.  The  cellular  type  is  made  by  several  manufacturers  using  different- 
type  cells,  but  the  principle  is  the  same.  Each  cell  in  the  floor  is  a  potential  raceway  for 
power,  telephone  or  signal  systems.  It  is  topped  with  a  concrete  floor  slab  using  light- 
weight concrete,  and  between  it  and  the  suspended  fire-resistive  ceiling,  piping,  duct- 
work and  lighting  units  may  be  located.  The  complete  floor  weighs  from  one-half  to 
one-third  of  that  of  conventional  concrete  slab  and  steel  beam  construction. 

In  the  composite-type  floor,  part  or  all  of  the  sheet  metal  is  figured  as  support  for 
the  slab,  along  with  additional  concrete  reinforcement  as  required  by  the  length  of  span. 
With  this  type  of  floor,  ducts  for  power,  telephone  and  signal  systems  are  embedded  in 
the  concrete  slab,  usually  about  4  in  thick.  On  long  spans  it  may  be  necessary  to  pro- 
vide additional  support  during  the  casting  of  the  concrete  slab.  This  can  be  simply  done 
by  using  wood  ledgers  supported  on  the  steel  framework  and  thus  provides  unobstructed 
working  area  below.  Here  again  a  suspended  fire-resistive  ceiling  is  placed  below.  All 
of  the  systems  above  may  be  used  for  roofs  as  well  as  floor  slabs  and  are  applicable  to 
large  railway  buildings  of  the   multi-story   type. 

Various  types  of  formed  steel  or  cellular  sheets  are  also  used  for  roof  decking, 
as  well  as  floor  slabs,  in  many  cases  without  a  concrete  slab  surface.  The  top  surface  is 
usually  faced  with  a  rigid  type  of  insulation  on  which  the  roofing  surface  is  placed. 
The  under  surface  may  be  left  unprotected,  or  if  fireproofing  is  desired,  there  are  now 
many  types  of  spray-on  insulation  which  may  be  applied.  The  forming  of  the  steel 
sheets  into  corrugations  and  cells  of  many  shapes  provides  great  strength  with  little 
weight  for  economy. 

5.  Systems  of  Fastening  and  Fabrication 

The  svstems  of   fastening  now  used  in  modern   buildings  are  diverse  and  ingenious. 
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u.  Welding 

Welding  of  steel  is  not  new  but  is  being  used  more  than  ever  in  erection,  fabrication 
and  prefabrication.  Welding  methods,  procedures,  equipment  and  materials  have  been 
greatly  improved,  and  the  welding  of  lighter  metals  is  now  practical  and  efficient. 

b.  Special  Types  of  Mails,  Screws,  Bolts  and  Fasteners 

The  common  nail  is  still  widely  used,  but  special  types  of  nails  with  greater  holding 
power,  special  finishes,  special  heads,  special  colors  to  match  finishes  and  of  special 
materials  are  rapidly  replacing  them.  Nails  are  made  of  many  metals  other  than  iron 
or  steel  to  provide  for  special  desirable  characteristics  and  non-staining  properties.  Spe- 
cial types  of  bolts  and  screws  are  now  made  to  solve  special  fastening  problems.  Stapling 
machines  using  staples  of  a  size  and  material  that  fit  the  fastening  problem  are  widely 
used  in  attaching  insulation,  sound-absorbing  materials  and  roofing,  and  for  many  other 
uses. 

r.  Special  Types  of  Cements  and  Glues 

Many  new  cements  and  glues  are  now  available  for  use  in  all  phases  of  construc- 
tion, and  manufacturers  often  originate  a  new  adhesive  to  solve  a  given  problem  of 
fastening.  The  new  epoxy  resin  adhesives  have  almost  miraculous  holding  power  and 
sealing  qualities.  They  are  used  for  such  diverse  purposes  as  bonding  new  concrete  to 
old,  grouting  in  reinforcing  bars  and  bolts  and  even  the  ''gluing"  of  steel  to  steel  or 
other  metals.  The  proper  type  of  epoxy  resin  formulation  is  usually  "designed"  to  fit 
the  purpose  for  which  it  is  to  be  used.  New  developments  in  this  field  are  being 
announced  from  time  to  time. 

d.  High-Strength  Bolts 

The  use  of  high-strength  bolts  in  field  erection  of  structural  steel  has  progressed  to 
a  point  where  it  is  now  the  No.  1  method  of  field  fastening.  It  is  a  three-piece  or  four- 
piece  fastener— a  special  high-strength  bolt,  a  nut  and  one  or  two  hardened  washers. 
The  properties  of  these  components  are  controlled  by  ASTM  Specifications,  designation 
A  325.  The  AISC  is  publishing  new  instructions  for  the  design  of  bolted  connections 
which  should  be  used  to  determine  the  required  number  of  bolts  for  a  joint.  One  or 
two  men  can  install  the  bolts,  compared  to  three  or  four  men  for  a  riveting  crew. 
When  properly  tightened,  a  bolted  joint  transmits  the  load  through  friction,  not  by 
shear  and  bearing.  However,  should  a  bolted  joint  be  overstressed  enough  to  bring  the 
high-strength  bolts  into  shear,  they  will  carry  50  percent  more  load  than  a  rivet  before 
failing.  Tightenim.,'  of  hi^h-strength  bolts  is  all  important.  They  must  be  tightened  to  a 
minimum  of  90  percent  of  the  proof  load  of  the  bolt — in  the  case  of  a  %-in  bolt, 
32,400  lb.  There  is  no  recommended  maximum,  and  current  practice  is  to  tighten  bolts 
into  the  plastic  range  beyond  the  yield  point.  Heat-treated  bolts,  unlike  rivets  of  low 
carbon  steel,  do  not  "stretch"  when  thus  tightened.  Torque  wrenches  and  impact 
wrenches  may  be  set  to  provide  the  proper  tension  in  the  bolts.  However,  tightening 
the  nut  one-half  to  three-quarters  turn  after  the  parts  have  been  brought  tightly  together 
has  been    found   to    provide   the   proper    tension. 

e.  Gunpowder-Act wil id   Devices   for   Fastening 

A  relative!)   new  development  for  setting  fasteners  into  existing  construction  is  the 

gunpowder-actuated  device.  It  literally  "shoots"  tin-  anchor  into  concrete,  steel. 

plaster,    tile    or    other    materials   without    fracturing   or    shattering    and    provide-    firm    an 
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chorage  without  any  drilling  or  other  time-consuming  work.  A  type  of  anchor  is  avail- 
able for  fastening  almost  any  type  of  material  or  equipment,  and  of  a  strength  to  hold 
the  load  to  be  supported. 

C.    WOOD,   CELLULOSE    PRODUCTS   AND    PLASTICS 

1.  Glued,  Laminated  Structural  Members 

The  development  of  new  plastic  cements  and  glues  has  made  possible  the  extended 
use  of  built-up  beams  and  girders  of  wood  for  longer  span  structures.  There  are  now 
in  operation  many  new  plants  for  the  fabrication  of  this  type  of  beams  and  girders. 
The  quantity  production  techniques  will  no  doubt  lead  to  lower  costs  and  increased 
use  of  this  type  of  construction  in  railway  buildings. 

An  interesting  application  using  plywood  and  lumber  is  a  new  building  erected  at 
Auburndale,  Fla.  Slender,  glue-nailed  columns  laminated  of  plywood  and  wood  form 
40  ft  by  48  ft  bays  and  rest  on  concrete  foundations.  Prefabricated  box  beams  4  ft 
in  depth  span  the  48  ft  between  columns.  These  box  beams  are  made  up  of  three 
sheets  of  1-in  plywood  separated  by  dimension  lumber  spacers  for  top  and  bottom 
flanges  with  vertical  wood  stiffeners  all  glue-nailed  together.  The  40-ft  intermediate 
beams  are  similarly  fabricated  of  two  sheets  of  plywood  with  dimension  lumber  top 
and  bottom  flanges  and  stiffeners.  The  roof  panels  are  20  ft  long  stressed-skin  panels 
of  H-in  plywood  top  and  bottom,  held  8  in  apart  by  web  bracing  of  wood  which 
combines  strength  and  light  weight  with  good  insulating  qualities  due  to  the  dead  air 
space.  The  roof  panels  rest  on  valley  seat  angles  of  steel  supported  by  steel  clips  bear- 
ing on  the  48-ft  beams.  At  the  ridge  a  pair  of  steel  ridge  seat  angles  support  the  panels. 

The  walls  are  also  unique.  The  exterior  walls  are  of  standard  plywood  sheets  affixed 
to  prefabricated  wood  framework,  the  plywood  having  been  hot-pressed  with  a  phenolic- 
plastic  film  that  gives  a  hard  weatherproof  finish  that  requires  no  maintenance.  The 
walls  for  the  office  area  are  fabricated  from  two  thin  slices  of  veneer  plywood  impreg- 
nated and  bonded  to  an  "egg-crate"  filler  of  corrugated  paper  board.  The  exposed  side 
of  this  wall  is  finished  with  a  clear  transparent  film  of  polyester  plastic  that  will  last 
the  lifetime  of  the  building. 

The  columns  are  anchored  to  the  concrete  foundations  with  bolts  through  a  steel 
anchor  plate,  and  beams  are  bolted  to  the  columns  with  a  rigid,  dovetail  joint.  In  spite 
of  the  experimental  nature  of  this  building,  it  was  erected  20  percent  faster  than  con- 
ventional steel  construction  with  a  20  to  25  percent  saving  in  weight  and  at  a  consider- 
able saving  in  cost.  It  provides  an  attractive  and  sturdy  appearance,  and  may  have 
possibilities  for  certain  railway  buildings. 

2.  Pole-Type  Buildings 

This  type  of  building,  built  with  poles  set  in  the  ground  for  columns  and  using 
a  conventional  roof  system  of  rafters  or  trusses,  is  inexpensive  and  can  be  erected 
quickly.  It  is  practical  for  unheated  storage.  It  is  usually  roofed  and  sheathed  with 
corrugated  metal.  A  floor,  if  required,  is  entirely  separate  from  the  building.  Where 
appearance  is  not  a  factor,  it  provides  an  economical  storage  warehouse  and  is  practical 
for  use  by  railroads  for  this  purpose. 

3.  Bolted  and  Ring-Connected  Structural  Members 

The  use  of  bolts  and  various  types  of  ring  connectors  in  timber  truss  construction, 
while  not  new,  provides  for  rigid  connections  and  better  stress  distribution  in  buildings 
constructed  of  timber. 
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4.  New  Materials  for  Exterior  and  Interior  Finish 

The  wood,  cellulose  and  plastic  products  industries  have  provided  so  many  new 
materials  for  exterior  and  interior  finishes  that  they  cannot  all  be  enumerated  in  a  report 
of  this  type.  Plywood  has  almost  unlimited  possibilities  for  roof  and  wall  sheathing  and 
its  use  as  exterior  finish  has  been  mentioned  above.  The  new  plastic  finishes  combine 
beauty  with  durability.  For  interior  finish  almost  any  wood  can  be  veneered  to  plywood 
to  obtain  beautiful,  durable  and  easily  applied  wall  and  ceiling  finishes.  Cellulose  prod- 
ucts made  from  waste  fibers  also  provide  an  almost  limitless  variety  of  finish  materials 
of  good  insulating  and  sound-absorbing  qualities  in  textures  that  will  fit  into  any  type 
of  decor.  Combinations  with  masonry  and  extruded  shapes  of  the  lighter  metals  are 
very  attractive  in  appearance  and  in  durability.  The  architect  and  engineer  with  imagina- 
tion and   ingenuity   can   produce  beautiful  effects  at   low  cost   with   these  new  products. 

5.   Inflatable  Plastic  Buildings 

Where  it  is  necessary  to  provide  temporary  storage  for  materials  and  equipment, 
the  use  of  inflatable  plastic  buildings  should  be  given  consideration.  The  plastic  build- 
ing is  fabricated  to  the  desired  size  by  the  manufacturer,  or  standard  size  buildings  may 
be  used.  A  temporary  foundation  to  which  the  plastic  walls  and  roof  are  anchored  is 
placed.  An  air  compressor,  usually  a  small  one,  is  used  to  keep  the  air  pressure  inside 
the  building  slightly  above  atmospheric  and  provides  the  only  support  needed.  This  type 
of  temporary  building  is  light  and  easily  moved  from  place  to  place  as  the  need  arises. 
It   appears  to   have  many   applications  for  temporary   use  by  the  railroads. 
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Infra-Red  Ray  Heating 
Collaborating  with  Electrical  Section  AAR 

J.  W.  Gwyn  (chairman,  subcommittee),  D.  A.  Bessey,  S.  M.  Bielski,  G.  J.  Bleul,  J.  R. 
Bowman,  L.  A.  Durham,  C.  S.  Graves,  J.  W.  Hayes,  T.  M.  Kelly,  H.  J.  Lieser, 
R.  E.  Lilliston,  G.  A  Morison,  C.  W.  Morrison,  C.  L.  Robinson. 

This  report,  presented  as  information,  pertains  principally  to  the  economics  of 
infra-red  comfort  heating  for  buildings. 

The  previous  report,  as  published  in  Vol.  60  of  the  Proceedings,  briefly  covers  the 
principles  of  infra-red  ray  heating,  describes  some  of  the  commercially  available  equip- 
ment, and  gives  consideration  to  a  group  of  recent  installations.  Users  of  infra-red  in- 
stallations continue  to  be  well  satisfied  with  this  type  of  heating,  but  the  recommenda- 
tion for  further  cost  and  efficiency  studies  was  a  logical  qualification  of  the  previous 
report. 

The  design  of  heating  systems  for  open-sided  buildings  defies  a  very  rational  ap- 
proach, and  for  this  reason  it  is  believed  that  engineering  reference  bonk-  have  been 
avoiding  the  entire  subject  of  infra-red  heating.  Since  standardized  design  procedures 
are  lacking,  the  heating  requirements  for  an  installation  are  generally  figured  l>>  methods 
set  up  by  manufacturers  for  their  specific  equipment.  Thus,  it  i<  well  to  remember  that 
in  obtaining  competitive  equipment  quotations  for  an  infra-red  heating  project,  spedfi 
cations  should  be  in  the  fundamental  terms  of  floor  plans,  design  temperatures,  etc, 
rather  than  heat  output  ratings  of  equipment  taken  it  m  design  procedures  of  a  par- 
ticular manufacturer. 


S3  2 Buildings 

The  majority  of  infra-red  heating  installations  and  potential  installations  for  an 
established  industry,  such  as  the  railroads,  apply  to  buildings  not  previously  heated. 
The  lack  of  records,  therefore,  from  fuel  measuring  devices,  such  as  steam  flow  meters 
or  gas  meters,  make  comparisons  seldom  possible.  The  big  potential  for  applications 
of  infra-red  ray  heating  devices  for  space  heating  buildings  to  reduce  human  misery 
or  show  corporate  profit,  demands  some  yardstick  for  predicting  annual  heating  costs. 

One  manufacturer  of  infra-red  heating  equipment  has  predicted  that  the  annual 
cost  of  gas  should  be  about  0.024  cents  per  1000  sq  ft  of  shop  area  per  degree  day. 
The  bases  for  this  formula  are  natural  gas  at  65  cents  per  1000  cu  ft,  65  deg  shop  tem- 
perature, 0  deg  outdoor  design  temperature,  and  any  type  of  insulated  building  con- 
struction. Variations  in  gas  rates  would  affect  this  formula  in  a  directly  proportional 
ratio. 

Data  from  a  railroad  car  repair  shop  in  Baltimore,  Maryland  during  the  winter  of 
1959-1960  were  analyzed  as  a  check  against  the  above  formula.  The  findings  indicated 
a  cost  of  0.043  cents  per  1000  sq  ft  of  shop  area  (with  correction  applied  for  changes 
in  basic  conditions).  The  discrepancy  between  the  manufacturer's  prediction  and  the 
costs  encountered  in  Baltimore  might  be  partially  explained  by  the  open-end  construc- 
tion of  the  Baltimore  car  shop,  necessitating  a  higher  fuel  cost  per  unit  of  floor  area. 

Some  comparison  of  costs  for  installation  of  gas  infra-red  heat  is  also  possible, 
based  on  railroad  experience  with  the  type  of  equipment  manufactured  under  the 
original  German  patent  and  utilized  in  a  freight  car  repair  shop: 

Meadville,  Pa.,  design  temperature  45  to  50  deg,  80  cents  per  sq  ft  of  heated  area 
Baltimore,  Md.,  design  temperature  55  to  60  deg,  83  cents  per  sq  ft,  entire  area 
being  heated 

It  is  planned  to  analyze  cost  data  from  additional  infra-red  heating  installations  as 
operational  experience  becomes  available. 
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(E)   Member  Emeritus. 
*  Died  March  8,  1960. 


To   The  American  Railway  Engineering  Association : 
Your  Committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report,  presented  for  adoption    pagi 

2.  Form    of    Agreement    covering    purchase    and    application    of    weed-control 
chemicals  on   railway  property,  collaborating  with   Committee   1. 
Deferred  due  to  review  of  Manual  material. 

.i.  Form  of  lease  covering  right  to  strip-mine  on  railway  miscellaneous  physical 
property. 
Progress  report,  presented  as  information    page  .<50 

4.  Form  of  Agreement  to  cover  disposal  of  surplus  railway  property. 
Deferred  due  to  review  of  Manual  material. 

5.  Form  of  Agreement  for  unloading  and  storing  liquefied  petroleum  gasses. 
anyhdrous  ammonia,  and  other  flammable  or  dangerous  materials,  col- 
laborating with   Fire  Prevention  anrl  Insurance  Section    \\K 

Deferred  due  to  review  of  Manual  material. 

7.   Bibliography   on    subjects   pertaining   to   contract    forms. 

Deferred  due  to  review  of  Manual  material. 

The  Cow  mittfj   >>\  Con  ra  \>  i   Forms, 

E.  M    Hastings,  Jr.,  Chairman. 
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Report  on  Assignment  1 
Revision  of  Manual 


In  view  of  the  requesL  that  all  Manual  material  be  reviewed  by  1962,  Committee 
20  divided  its  membership  into  seven  subcommittees  to  study  Chapter  20  of  the  Manual. 
Five  of  these  subcommittees  are  reporting  this  year.  It  is  expectd  that  the  review  of 
Chapter  20  will  be  completed  next  year. 


Report  on  Assignment   1   (a) 
Revision  of  Manual   (Construction  Agreement) 

Clarence  Young  (chairman,  subcommittee),  E.  E.  Brady,  R.  F.  Correll,  J.  F.  Halpin, 
A.  F.  Hughes,  F.  M.  Jones,  F.  J.  McMahon,  H.  K.  Modery,  C.  M.  Sherman,  J.  D. 
Taylor. 

Your  committee  submits  the  following  recommendation  for  adoption. 
Delete  the  Form  of  Construction  Contract,  Manual  pages  20-1-1   to  20-1-11,  incl., 
and  substitute   therefor  the   following  new   form. 

FORM  OF  CONSTRUCTION  CONTRACT 

THIS   CONTRACT,  made  this   day  of   ,   19    ...., 

by  and  between    a  corporation  organized  and 

existing  under  the  laws  of  the  State  of ,  hereinafter 

called  the  Company,  and   ,  hereinafter  called 

the  Contractor. 

Witnesseth:  That,  in  consideration  of  the  covenants  and  agreements  herein  con- 
tained, to  be  performed  by  the  parties  hereto,  and  of  the  payments  hereinafter  provided, 
it  is  mutually  agreed  as  follows: 

1.  Description  of  Work 

The  Contractor  shall  furnish  all  the  materials,  superintendence,  labor,  equipment, 
tools,  supplies,  and  transportation,  except  as  hereinafter  specified,  and  execute,  construct 
and  finish,  in  an  expeditious,  substantial  and  workmanlike  manner,  satisfactory  to  the 
Chief   Engineer  of  the  Company,  the  following  described  Work:    


in  accordance  with  the  plans  and  specifications  as  listed  in  the  "Special  Specifications" 

dated    and  the  other  requirements  herein  described.  The 

"Special  Specifications"  and  the  general  and  standard  specifications  therein  listed,  herein 
collectively  sometimes  called  specifications,  plans  as  listed  or  as  provided  for  herein  and 
the  Contractor's  proposal,  are  all  essential  parts  of  this  contract. 

2.  Period  for  Completion 

The  date  of  starting  the  Work  shall  be  fixed  in  a  written  notice  from  the  Engineer 
to  the  Contractor,  which  notice  shall  be  mailed  to  or  served  upon  the  Contractor  not 
less  than  ten  days  before  the  starting  date  fixed  therein.  The  Contractor  shall  commence 
the  Work  on  or  before  the  starting  date  fixed  in  said  notice  and  to  complete  the  work 
as  herein   described   within    thereafter,   time 
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being  of  the  essence  of  this  agreement.  Upon  written  application  of  the  Contractor  the 
Chief  Engineer  may,  for  reasons  which  in  his  opinion  are  beyond  the  Contractor's 
control,  consent,  in  writing,  to  an  extension  of  said  period 

[f  the  Contractor  fails  to  complete  the  Work  within  the  period  herein  fixed  or  so 
extended,  the  Contractor  shall  pay,  or  the  Company  may  deduct  from  any  sums  due  or 
to  become  due  the  Contractor,  the  Company's  expenses  during  the  additional  period 
required  to  complete  the  Work  for  engineering  and  supervision  employed  directly  on 
the  Work,  which  shall  be  in  addition  to  any  damages  to  the  Company  because  of  such 
failure. 

3.  Prices 

In  consideration  of  the  completion  of  the  Work  described  herein,  and  the  fulfill- 
ment of  all  stipulations  of  this  contract  to  the  satisfaction  and  acceptance  of  the  Chief 
Engineer,  the  said  Company  shall  pay,  or  cause  to  be  paid,  to  the  Contractor,  the 
amount  due  to  the  Contractor,  based  on  the  following  prices: 

(Here  insert  a  schedule  of  Items  and  Prices.) 

4.  Definitions 

Except  where  it  is  clear  by  the  context  that  another  meaning  is  intended,  the  fol- 
lowing words  and  expressions  shall  be  construed  as  follows: 

The  word  '"Company"  shall  mean  the  party  of  the  first  part  acting  formally  through 
an  officer  appointed  by  and  responsible  to  its  Board  of  Directors. 

The  words  "Chief  Engineer"  shall  mean  the  Chief  Engineer  of  the  Company  in 
person. 

The  word  "Engineer"  shall  mean  the  Chief  Engineer  of  the  Company,  acting  per- 
sonally or  through  duly  authorized  assistants,  limited  by  the  particular  duties  to  which 
they  are  assigned. 

The  work  "Work"  shall  mean  all  or  any  part  of  the  matters  covered  by  this  con- 
tract. 

The  word  "Project"  shall  mean  the  entire  undertaking  to  any  part  of  which  this 
contract  relates. 

The  word  "Contractor"  shall  mean  the  party  of  the  second  part  or  his  authorized 
representatives.  If  the  Contractor  is  a  corporation,  the  words  "he",  "him,"  "his", 
wherever  they  refer  to  the  Contractor,  shall  be  read  as  "it"  or  "its". 

5.  Independent  Contractor 

The  Company  reserves  no  control  whatsoever  over  the  employment,  discharge, 
compensation  of  or  services  rendered  by  the  Contractor's  employees,  and  it  is  the  inten- 
tion of  the  parties  to  this  agreement  that  the  Contractor  shall  be  and  remain  an  Inde- 
pendent Contractor,  and  that  nothing  in  this  agreement  contained  shall  be  construed 
as  inconsistent  with  that  status. 

6.  Laws  and  Ordinances 

The  Contractor  shall  comply  with  all  Federal.  State-.  Municipal  and  Local  Law-. 
ordinances  and   regulations  in  any   way   pertaining   to   the  Work. 

7.  Unemployment   and   Retirement   Legislation 

The  Contractor  agrees  to  accept,  and  hereb)  accepts,  full  and  exclusive  liability 
ten  the  payment  of  .ni>  and  all  contributions  "i  taxes  for  unemployment  insurance  oi 
old  age  retirement  benefits,  pensions  or  annuities  n»w  or  hereaftei  imposed  b)  the  Go> 
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eminent  of  the  United  States  or  of  any  State  thereof,  which  are  measured  by  the  wages, 
salaries  or  other  remunerations  paid  to  persons  employed  by  the  Contractor  on  the 
Work,  and  further  agrees  to  comply  with  all  administrative  legislation  respecting  the 
assumption  of  liability  for  the  aforesaid  contributions,  and  further  agrees  to  reimburse 
the  Company  for  any  of  the  aforesaid  taxes  or  contributions  which,  by  law,  the  Com- 
pany may  be  required  to  pay. 

8.  Sales  and  Use  Taxes 

Unless  otherwise  provided  in  the  Special  Specifications,  the  Contractor  shall  be 
responsible  for  and  pay  all  sales  and  use  taxes  properly  assessed,  under  any  Federal, 
State  or  local  law  in  effect  at  the  time  contract  is  awarded,  against  any  materials, 
tools,  supplies,  services  and  equipment  furnished  directly  by  the  Contractor  and  used 
in  the  carrying  out  of  the  Work.  An  equitable  adjustment  of  the  cost  to  the  Contractor 
will  be  made  by  the  Chief  Engineer  for  any  changes  in  such  taxes  during  the  progress 
of  the  Work. 

9.  Contractors  Understanding 

It  is  understood  and  agreed  that  the  Contractor  has,  by  careful  examination,  satis- 
fied himself  as  to  the  nature  and  location  of  the  Work,  the  conformation  of  the  ground, 
the  character,  quality  and  quantity  of  the  materials  to  be  encountered,  the  character 
of  equipment  and  facilities  needed  preliminary  to  and  during  the  prosecution  of  the 
Work,  the  general  and  local  conditions,  and  all  other  matters  which  can  in  any  way 
affect  the  Work.  No  oral  agreement  or  conversation  with  any  officer,  agent  or  employee 
of  the  Company,  either  before  or  after  the  execution  of  this  contract,  shall  affect  or 
modify  any  of  the  terms  or  obligations  herein  contained. 

10.  Use  of  Company's  Land 

The  Company  shall  provide  the  land  upon  which  the  Work  under  this  contract  is 
to  be  done,  and  will,  so  far  as  it  can  conveniently  do  so,  permit  the  Contractor  to  use 
so  much  of  its  land  as  is  required  for  the  erection  of  temporary  construction  facilities 
and  storage  of  materials,  together  with  the  right  of  access  to  same,  but  beyond  this, 
the  Contractor  shall  provide,  at  his  cost  and  expense,  any  additional  land  required. 

11.  Use  of  Adjoining  Property 

Before  entering  upon  or  making  use  of  any  private  property  anjoining  the  Work, 
the  Contractor,  at  his  expense,  shall  obtain  and  file  with  the  Engineer,  the  written  per- 
mission of  the  owner  of  such  property,  and  subsequent  to  vacation  of  premises  shall 
furnish   the  Engineer  a  properly  executed  release  from  all  damages. 

12.  Assignment  of  Contract 

The  Contractor  shall  not  assign  this  contract  or  any  part  thereof  without  the 
written  consent  of  the  Chief  Engineer.  Such  consent  shall  not  release  or  relieve  the  Con- 
tractor from  any  of  his  obligations  and  liabilities  under  the  contract. 

13.  Subcontractors 

The  Contractor  shall  submit  for  approval  a  list  of  Subcontractors  showing  the 
work  assigned  to  each,  and  no  subcontract  for  any  part  of  the  Work  shall  be  awarded 
to  any  party  not  acceptable  to  the  Engineer  and  approved  by  him.  Such  approvals 
shall  not  release  or  relieve  the  Contractor  from  any  of  his  obligations  and  liabilities  under 
this  contract.  Upon  written  request  of  the  Chief  Engineer,  the  Contractor  shall  terminate 
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the  employment  on  this  Work,  of  any  Subcontractor  who  shall,  in  the  opinion  oi  said 
Chief  Engineer,  fail  to  perform  the  work  undertaken  by  him  in  a  satisfactory  manner 
and  appropriate  provisions  to  this  effect  shall  be  incorporated  in  all  subcontracts.  The 
provisions  of  this  contract  shall  be  incorporated,  by  reference,  in  all  subcontracts  and 
if  so  required  by  the  Engineer,  the  Contractor  shall  furnish  to  the  Engineer  written 
statement,  properly  endorsed  by  the  Subcontractor  in  question,  thai  this  has  been  done, 
before  any  Subcontractor  shall  begin  work. 

14.  Contractor's  Risks 

The  Work  covered  by  this  contract  shall  be  at  the  risk  of  the  Contractor  in  every 
respect,  and  he  shall  be  responsible  therefor  until  it  is  completed  and  accepted.  This 
responsibility  shall  include  damage  to  and  loss  of  any  material  furnished  and  delivered 
by  the  Company  for  incorporation  in  the  Work. 

15.  Waiver 

It  is  expressly  understood  and  agreed  th.it  any  waiver  on  the  part  of  the  Company 
or  the  Engineer,  of  any  term,  provision  or  covenant  of  this  contract,  shall  not  constitute 
a  precedent,  nor  bind  the  Company  or  the  Engineer,  to  a  waiver  of  any  succeeding 
breach  of  the  sjme  or  any  other  of  the  terms,  provisions  or  covenants  of  this  contract. 

16.  Adjustment  of  Disputes 

It  is  agreed  that  the  decision  of  the  Chief  Engineer  shall  be  final  and  conclusive  in 
any  dispute  which  may  arise  between  the  parties  to  this  agreement  relative  to  or  touch- 
ing the  same;  and  each  of  said  parties  do  hereby  waive  any  right  of  action,  suit  or  suits, 
or  other  remedy  in  law  or  otherwise,  by  virtue  of  the  covenants  and  provisions  herein, 
so  that  the  decision  of  Chief  Engineer  shall,  in  the  nature  of  an  award,  be  final  and 
conclusive  on  the  rights  and  claims  of  said  parties. 

17.  Bond 

The  Contractor  unless  notified  to  the  contrary,  shall,  at  the  time  of  the  execution 
and  delivery  of  this  contract,  and  before  the  taking  effect  of  the  same  in  other  respects, 
furnish   and   deliver   to   the   Company   a   written   bond  of  indemnity   to  the  amount   of 

$ in  form  and  substance  and  with  surety  thereon  satisfactory  and  acceptable 

to  the  Company,  to  insure  the  faithful  performance  by  the  Contractor  of  all  the  cove- 
nants and  agreements  on  the  part  of  the  Contractor  contained  in  this  contract. 

This  bond  shall  remain  in  force  and  effect  for  the  full  amount  or  such  smaller  sum 
as  may  at  any  time  be  specified  by  the  Chief  Engineer  until  ....  months  after  comple- 
tion and  acceptance  of  the  Work. 

18.  Permits 

Unless  otherwise  provided  in  the  Special  Specifications,  the  Contractor  .-hall  procure 
at  his  own  expense,  and  in  due  time,  all  permits  and   licenses,  of  any  description,  iiiir- 
sary  for  the  construction   and  completion   of   the  Work.  The  Contractor  jhaU  deliver   I" 
the  Company  all  certificates  of  inspection   for  any  part  of  the  Work  for  which  a  certifi- 
cate may  be  required. 

19.  Fire   Insurance 

The  Contractor  .-hall,  at  hi-  own  expense,  procure  and  maintain  adequate  Builders 
Risk  Fire  Insurance  acceptable  to  the  Chief  Engineer  during  the  pn  gress  of  the  Work 
to  cover  work  done  and  materials  Involved,  either  in  place  or  on  the  site.  The  insured 
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shall   be   the  Contractor  and   the  Company   as  their  interests  may  appear.  The  amount 
of   the  insurance  shall  be  varied  from  time  to  time  as  ordered  by   the  Engineer,   witb 

the   amount   for   the   initial    ....    month   period   no   less   than   $ Certified 

counterpart  of  this  policy  or  policies  shall  be  delivered  to  the  Engineer  promptly. 

Note:    Modify   if   Railivav  purchases   this  insurance. 

20.   Railroad  Protective  Liability   Insurance 

The  Contractor  shall,  at  his  expense,  procure  and  maintain  during  the  progress  of 
the  Work,  Railroad  Protective  Liability  Insurance  acceptable  to  the  Chief  Engineer  in 
the  name  of  the  Company  which  must  protect  and  save  harmless  the  Company  from 
and  against  (1)  all  loss  of,  and  damage  to,  any  property  whatsoever  (including  prop- 
erty of  the  parties  hereto  and  of  all  other  persons  whomsoever  and  the  loss  of,  or  inter- 
ference with,  any  use  or  service  thereof),  and  (2)  all  loss  and  damage  on  account  of 
injury  to,  or  death  of,  any  person  whomsoever  (including  employees  and  patrons  of 
the  parties  hereto  and  all  other  persons  whomsoever),  and  expense  thereof  caused  by 
growing  out  of,  or  in  any  way  related  to,  or  connected  with  the  Work  during  period 

of    construction.    The    limits    of    this    policy    shall    be    $ per    person    and 

$ per    accident    for    bodily    injury    and   $ per    accident    and 

$ aggregate  limit  for  property  damage.  The  original  of  this  policy  shall  be 

delivered  to  the  Engineer  before  starting  the  Work. 

Note:  Omit  if  Railway  purchases  this  insurance. 

21.  Indemnity 

The  Contractor  shall  indemnify  and  save  harmless  the  Company  from  and  against 
all  losses  and  all  claims,  demands,  payments,  suits,  actions,  recoveries,  legal  expenses  and 
judgments  of  every  nature  and  description  made,  brought  or  recovered  against  it.  by 
reason  of  any  act  or  omission  of  the  said  Contractor,  his  agents  or  employees,  in  the 
execution  of  the  work  or  in  guarding  the  same,  except  that  the  Contractor  shall  not  be 
liable  for  any  damages  to  real  property  or  claims  therefor  resulting  from  the  carrying 
out  the  Work  as  provided  in  the  plans  or  described  in  the  specifications  where  such 
damages  or  claims  therefor  do  not  result  from  accident  or  from  the  negligence  or  care- 
lessness of  the  Contractor,  his  agents  or  employees. 

22.  Superintendence 

The  Contractor  shall  give  constant  and  efficient  attention  to  the  faithful  and  diligent 
prosecution  of  the  Work  and  during  its  progress  shall  be  represented  at  all  times  at  the 
site  of  the  Work  by  a  competent  superintendent  acceptable  to  the  Engineer. 

23.  Order  and  Discipline 

The  Contractor  shall  at  all  times  enforce  strict  discipline  and  good  order  among  his 
employees.  The  Contractor,  insofar  as  his  authority  extends,  shall  not  permit  the  sale, 
distribution  or  use  of  any  alcoholic  beverages  or  intoxicating  liquors  upon  or  adjacent 
to  the  work. 

24.  Notice — How  Served 

Any  notice  to  be  given  by  the  Company  to  the  Contractor  under  this  contract  shall 
be  deemed  to  be  served  if  the  same  be  delivered  to  the  person  in  charge  of  the  office 
used  by  the  Contractor,  or  to  his  representative  at  or  near  the  work,  or  deposited  in  the 
postoffice,  postpaid,  addressed  to  the  Contractor  at  his  last  known  place  of  business. 
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25.  Safety  Requirements 

The  Contractor  shall  furnish  and  maintain,  at  his  own  cost  and  expense  and  to 
the  satisfaction  of  the  Engineer,  all  requisite  watchmen,  lights,  barricades,  safeguards, 
fences  and  other  facilities  for  the  protection  of  the  Work  and  the  safety  of  the  general 
public  and  of  employees  of  the  Company  and  of  the  Contractor.  Precaution  shall  be 
exercised  at  all  times  for  the  protection  of  persons  and  property.  The  safety  provisions 
of  applicable  laws,  building  and  construction  codes  shall  be  observed.  Machinery  and 
equipment  and  other  hazards  shall  be  guarded  in  accordance  with  the  safety  provisions 
of  the  Manual  of  Accident  Prevention  in  Construction,  published  by  the  Associated  Gen- 
eral Contractors  of  America,  to  the  extent  that  such  provisions  are  not  inconsistent  with 
applicable  law  or  regulation. 

26.  Timely  Demand  for  Points  and  Instructions 

The  Contractor  shall  provide  reasonable  and  necessary  opportunities  and  facilities 
for  setting  points  and  making  measurements.  He  shall  not  proceed  until  he  has  made 
timely  demand  upon  the  Engineer  for,  and  has  received  from  him,  such  points  and  in- 
structions as  may  be  necessary  as  the  Work  progresses.  The  Work  shall  be  done  in  strict 
conformity  with  such  points  and  instructions. 

27.  Preservation  of  Stakes 

The  Contractor  shall  carefully  preserve  bench  marks,  reference  points  and  stakes, 
and  in  case  of  willful  or  careless  destruction,  he  will  be  charged  with  the  resulting  ex- 
pense and  shall  be  responsible  for  any  mistakes  that  may  be  caused  by  their  unnecessary 
loss  or  disturbance. 

28.  Report  Errors  and  Discrepancies 

Before  starting  the  Work,  the  Contractor  shall  examine  and  compare  the  plans  and 
specifications  and  shall  report  to  the  Engineer  any  errors  or  discrepancies  found  therein. 
If  the  Contractor,  in  the  course  of  the  work,  finds  any  discrepancy  between  the  plans 
and  the  physical  conditions  of  the  locality  or  any  applicable  building  code  or  ordinance, 
or  any  errors  or  omissions  in  plans  or  in  the  layout  as  given  by  said  points  and  instruc- 
tions, it  shall  be  his  duty  to  inform  the  Engineer  immediately,  and  the  Engineer  shall 
promptly  verify  the  same.  Any  work  done  after  such  discovery,  until  authorized  by  the 
Engineer,  will  be  done  at   the  Contractor's  risk. 

29.  Authority  of  Engineer 

The  Engineer  is  authorized  to  reject  or  condemn  all   work  or  material  which  does 
not  conform   to  this  contract.  If  any  tools  or  equipment  are  unsafe,  defective  or  inade 
quate  for  carrying  out  the  work,  the  Engineer  may   require  the  removal  of  such  equip- 
ment and  Contractor  shall,  without  delay,  substitute  satisfactory  equipment   therefor 

30.  Inspection 

All  work  and  material  shall  be  at  all  times  open  to  the  inspection,  acceptance  or  re 
jection  of  the  Engineer  or  his  authorized  representative.  The  Contractor  shall  give  the 
Kngineer  reasonable  notice  of  starting  any  new  work  and  shall  provide  reasonable  and 
necessary  facilities  for  inspection  even  to  the  extent  of  taking  out  portions  of  finished 
work;  in  case  the  work  is  found  satisfactory,  the  cost  of  taking  out  and  replacement 
shall  be  paid  by  the  Company.  No  work  shall  be  done  at  nighl  or  outside  regular  work 
ing  hours  without  previous  approval  of  the  Engineer 
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31.  Materials 

Except  by  written  permission  of  the  Engineer  in  each  case,  only  materials  produced 
or  manufactured  in  the  United  States  shall  be  used  in  the  carrying  out  of  this  Work.  If 
so  requested  by  the  Engineer,  the  Contractor  shall  submit,  for  tentative  approval  (but 
subject  to  the  provisions  of  Art.  32  of  this  contract),  a  list  of  all  materials  to  be  used 
in  carrying  out  this  work,  giving  the  names  of  the  dealers  and  manufacturers  and  the 
anticipated  date  of  delivery.  All  things  being  equal,  preference  shall  be  given  to  vendors 
located  on  tracks  of  this  Company  or  in  territory  tributary  thereto,  in  making  purchasse 
of  materials  to  be  used  in  the  Work.  Railway  freight  rates  not  being  higher  than  via 
other  routes,  all  materials,  supplies  and  equipment  to  be  used  in  the  carrying  out  of  the 
Work,  shall  be  shipped  via  railway  routes  and  lines  as  the  Engineer  may  direct.  All 
shipments  shall  be  loaded  in  Company  railroad  cars,  if  available  without  unreasonable 
delay. 

32.  Defective  Work  or  Material 

The  Contractor  shall  remove,  at  his  own  expense,  any  work  or  material  condemned 
by  the  Engineer,  and  shall  rebuild  or  replace  the  same  without  extra  charge,  and  in  de- 
fault thereof  the  same  may  be  done  by  the  Company  at  the  Contractor's  expense,  or,  in 
case  the  Chief  Engineer  shall  not  consider  the  defect  of  sufficient  importance  to  require 
the  Contractor  to  rebuild  or  replace  the  imperfect  work  or  material,  he  shall  have  power, 
and  is  hereby  authorized,  to  make  an  equitable  deduction  from  the  stipulated  price. 

Any  omissions  or  failure  on  the  part  of  the  Engineer  to  disapprove  or  reject  any 
work  or  material  shall  not  be  construed  to  be  an  acceptance  of  any  defective  work  or 
material. 

33.  Patented  Devices 

In  case  the  Contractor  shall  make  use  of  or  employ  any  patented  devices  or  ap- 
pliances either  for  carrying  on  the  Work  or  in  connection  with  the  materials  supplied, 
whether  the  terms  of  the  specifications  require  such  to  be  used  or  not,  he  shall  satisfy 
all  claims  or  charges  for  lease,  privilege  or  royalty,  and  shall,  at  his  expense,  defend  the 
Company  against  any  and  all  claims  or  suits  which  may  arise  from  any  infringement 
of  patent  rights,  and  indemnify  and  save  harmless  the  Company  against  any  judgment 
of  recovery  as  a  result  thereof,  and  notwithstanding  any  approval  of  such  devices, 
appliances  or  materials  under  Arts.  31  or  32  hereof. 

34.  Protection  of  Railroad  Services  and  Facilities 

The  Contractor  shall  use  special  care  and  vigilance  to  avoid  damage  to  the  trains, 
tracks  or  other  facilities  of  the  Company  and  shall  conduct  his  work  so  as  not  to  inter- 
fere with  the  movement  of  trains  or  other  operations  of  the  Company.  The  Contractor 
shall  not  proceed  with  any  work  which  might  endanger  or  interfere  with  the  move- 
ment of  trains,  operations  or  other  facilities  until  protection  satisfactory  to  the  Engineer 
h3s  been  provided.  If,  in  the  opinion  of  the  Engineer,  trains,  tracks  or  other  facilities  are 
or  may  become  endangered  by  the  operations  of  the  Contractor,  he  shall  immediately  do 
such  work  as  may  be  ordered  by  the  Engineer  to  restore  safety  and,  upon  failure  of 
the  Contractor  to  carry  out  such  orders  immediately,  the  Company  may  take  whatever 
steps  are  necessary  to  restore  safe  conditions.  The  cost  and  expense  to  the  Company  of 
restoring  safe  conditions  or  of  any  damages  to  the  trains,  tracks  or  other  facilities 
caused  by  the  Contractor's  operations  shall  be  charged  against  the  Contractor  and  paid 
by  him  or  may  be  deducted  from  any  amounts  due,  or  which  become  due,  him  under 
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this  contract.  The  cost  of  furnishing  watchmen  or  flagmen  required  for  the  protection 
of  the  Company's  facilities  or  operations  shall  be  borne  as  provided  for  in  Special 
Specifications. 

35.  Change  of  Facilities  of  Others 

If  in  the  conduct  of  the  Work  any  temporary  changes  or  alterations  in  water,  oil  or 
gas  pipelines,  sewers,  drains,  conduits,  fences,  trolley  tracks,  electric  line  or  power  lines, 
telephone  or  telegraph  or  other  wires,  poles,  etc.,  of  others  are  necessary,  either  for  the 
convenience  of  the  Contractor  or  for  the  performance  of  the  Work,  the  responsibility  for 
making  such  changes  will  rest  with  the  Contractor  unless  otherwise  provided  elsewhere 
in  this  agreement;  and  he  shall  arrange  for  such  changes  to  be  made  at  his  own  expense. 

If  such  changes  are  of  a  permanent  character  and  made  necessary  solely  by  the  im- 
provement itself  and  not  incident  to  the  performance  of  the  Work,  then  in  that  case 
such  changes  will  be  arranged  for  by  the  Company  or  others  without  cost  to  the 
Contractor. 

36.  Rights  of  Various  Interests 

Wherever  work  being  done  by  Company  forces  or  by  other  contractors  is  contiguous 
to  work  covered  by  this  contract,  the  respective  rights  of  the  various  interests  involved 
shall  be  established  by  the  Engineer,  to  secure  the  completion  of  the  various  portions 
of  the  project  in  general  harmony. 

37.  Contractor  Not  to  Hire  Company's  Employees 

The  Contractor  shall  not  employ  or  hire  any  of  the  Company's  employees  without 
the  permission  of  the  Engineer. 

38.  Order  of  Completion;  Use  of  Completed  Portions 

The  Contractor  shall  complete  any  portion  or  portions  of  the  Work  in  such  order  of 
time  as  the  Engineer  may  require.  The  Company  shall  have  the  right  to  take  possession 
of  and  use  any  completed  or  partially  completed  portions  of  the  Work,  notwithstanding 
the  time  for  completing  the  entire  Work  or  such  portions  thereof  may  not  have  expired  : 
but  such  taking  possession  and  use  shall  not  be  deemed  an  acceptance  of  the  Work  so 
taken  or  used  or  any  part  thereof.  If  such  prior  use  increases  the  cost  of  or  delays  the 
work,  the  Contractor  shall  be  entitled  to  such  extra  compensation,  or  extension  of  time, 
or  both,  as  the  Chief  Engineer  may  determine. 

39.  Changes 

The  Company  shall  have  the  right  to  make  any  changes  that  may  be-  hereafter  de- 
termined upon,  in  the  nature  or  dimensions  of  the  work,  either  before  or  after  its  com- 
mencement, and  such  changes  shall  in  no  way  affect  or  void  the  obligations  of  this  con- 
tract. If  such  changes  make  any  change  in  the  cost  of  the  Work,  an  equitable  adjustment 
shall  be  made  by  the  Chief  Engineer  to  cover  the  same,  but  the  Contractor  shall  not 
claim  compensation  for  anticipated  profits.  If  such  changes  appreciably  affect  the  cost 
of  the  Work  to  the  Contractor,  he  shall  before  proceeding  with  the  work,  so  notify  the 
Engineer  in  writinu,  and  the  difference  shall  be  equitably  adjusted  by  the  Chiel 
Engineer. 

40.  Extra  Work 

If,  in  the  opinion  of  the  Engineer,  anj  work  should  be  done  oi  material  furnished 
which  i-  not  included,  contemplated  ■  •>  classified  in  this  contract,  tin-  Contractor  shall, 
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upon  the  written  order  of  the  Engineer,  do  such  extra  work  or  furnish  such  extra  mate- 
rial. By  agreement  between  the  Contractor  and  the  Engineer,  such  extra  work  or 
material  may  be  paid  for  on  a  lump-sum  basis  or  on  the  basis  of  unit  prices,  but  if  the 
Engineer  so  elects,  the  price  shall  be  determined  by  the  actual  cost  of  labor  and  insur- 
ance plus  ....  percent,  actual  cost  of  material  plus  ....  percent,  and  such  allowance 
for  use  of  tools  and  plant  as  may  be  agreed  upon  and  specified  in  the  order  for  the  extra 
work  or  material.  No  bill  or  claim  for  extra  work  or  material  shall  be  allowed  or  paid 
unless  done  or  furnished  on  written  order  from  the  Engineer.  Bills  or  chims  for  extra 
work  shall  be  presented  to  the  Engineer  at  the  time  of  making  the  first  monthly  esti- 
mate after  such  work  or  material  has  been  done  or  furnished,  and  such  bills  or  claims 
must  be  accompanied  by  a  copy  of  the  Engineer's  order  covering  such  work  or  material. 
Any  such  extra  work  done  or  material  furnished  under  the  provisions  of  this  paragraph 
shall  be  covered,  governed  and  controlled  by  all  the  terms  and  provisions  of  this  contract, 
subject  to  such  prices  as  may  be  agreed  upon  or  fixed  by  the  Engineer.  The  Contractor 
shall  furnish  the  Engineer,  reports  in  the  number,  form,  and  detail  prescribed  by  the 
Engineer  of  all  extra  work  done  or  material  furnished. 

41.  Suspension  of  Work 

The  Company  may  at  any  time  suspend  the  Work,  or  any  part  thereof,  by  giving 
not  less  than  five  days'  written  notice  to  the  Contractor,  and  if  such  suspension  appreci- 
ably affects  the  cost  of  the  Work  to  the  Contractor  the  difference  shall  be  equitably  ad- 
justed by  the  Chief  Engineer.  The  Contractor  shall  not  suspend  the  Work,  nor  any  part 
thereof,  without  written  authority  of  the  Engineer.  The  Work  shall  be  resumed  by  the 
Contractor  in  ten  days  after  written  notice  from  the  Company  to  the  Contractor  so  to 
do  and  the  date  fixed  for  completion  shall  be  extended  by  a  period  equal  to  the  period 
of  suspension.  The  Company  shall  not  be  held  liable  for  any  damages  or  loss  of  antici- 
pated profits  on  account  of  the  Work  being  suspended,  or  for  any  work  done  during  the 
interval  of  suspension. 

42.  Failure  of  Performance  by  Contractor 

If  the  Contractor,  in  the  opinion  of  the  Chief  Engineer,  shall  at  any  time  fail  to 
comply  with  the  provisions  of  this  contract,  the  Chief  Engineer  may,  at  his  option,  notify 
the  Contractor,  in  writing,  to  remedy  such  failure.  If  the  Contractor  at  the  end  of  ten 
days  after  such  notice  has  failed  to  comply  therewith,  the  Company  may,  at  its  option, 
terminate  the  employment  of  the  Contractor  under  this  agreement  and  relet  the  whole 
or  any  part  of  the  unfinished  work  without  notice  to  the  Contractor,  or  may  take  pos- 
session of  the  Contractor's  materials  and  equipment,  located  on  the  premises,  and  em- 
ploy such  forces  as  may  be  necessary  to  finish  all  or  any  part  of  the  Work.  In  case  the 
whole  or  any  part  of  the  Work  is  relet  as  provided  herein,  the  Contractor  shall  be 
charged  with  the  full  cost  to  the  Company  of  the  work  performed  under  the  new  con- 
tract and  shall  be  credited  with  the  amount  that  the  Company  would  have  paid  the 
Contractor  for  said  Work,  under  this  contract.  In  case  the  Company  undertakes  the 
completion  of  the  whole  or  any  part  of  the  Work,  the  Contractor  shall  be  charged  with 
the  direct  cost  thereof  to  the  Company  plus  ....  per  cent  for  overhead  expense  and 
shall  be  credited  with  the  amount  that  the  Company  would  have  paid  the  Contractor  for 
said  Work.  In  either  case  the  Contractor  shall  receive  no  further  payment  until  the 
Work  is  finished,  when,  it  the  amount  credited  to  the  Contractor  exceeds  the  amount 
charged,  the  difference  shall  In-  paid  by  the  Company  to  the  Contractor,  or,  if  the 
amount  charged  to  the  Contractor  exceeds  the  amount  credited,  the  Contractor  shall  pay 
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the  difference  to  the  Company,  or  the  Company  may  retain  such  difference  from  any 
amounts  in  its  hands  due  or  to  become  due  the  Contractor.  The  options  herein  provided 
for  the  Chief  Engineer  and  for  the  Company  shall  not  be  exclusive  of,  bul  in  addition 
to,  any  other  remedies. 

43.  Annulment  Without  Fault  of  Contractor 

The  Company  shall  have  the  right  at  any  time,  for  reasons  which  appear  good  to 
it,  to  annul  this  contract  upon  giving  written  notice  to  the  Contractor,  in  which  event 
the  Contractor  shall  be  entitled  to  the  full  amount  of  the  estimate  for  the  work  done 
by  him  under  this  contract  up  to  the  time  of  such  annulment,  including  the  retained 
percentage.  The  Contractor  shall  be  reimbursed  by  the  Company  for  such  expenditures 
as  in  the  judgment  of  the  Chief  Engineer  are  not  otherwise  compensated  for,  and  as  are 
required  in  preparing  for  and  moving  to  and  from  the  Work;  the  intent  being  tint  an 
equitable  settlement  shall  be  made  with  the  Contractor. 

44.  Removal  of  Equipment 

Upon  completion  of  the  Work,  or  in  case  of  annulment  of  this  contract  before  com- 
pletion for  any  cause  whatever,  the  Contractor,  if  notified  to  do  so  by  the  Company, 
shall  promptly  remove  any  part  or  all  of  his  equipment,  material,  tools  and  supplies 
from  the  property  of  the  Company,  failing  which  the  Company  shall  have  the  right  to 
move  such  equipment,  material,  tools  and  supplies  at  the  expense  of  the  Contractor. 

45.  Charges  Against  Contractor 

The  Company  shall  have  the  right  to  apply  any  sums  due  or  to  become  due  to  the 
Contractor  under  this  contract  in  payment  of  any  liabilities  of  the  Contractor,  or  of  any 
Subcontractor,  to  the  Company  for  freight  charges,  rental  of  equipment,  furnishing  labor, 
materials  or  supplies,  or  for  any  other  charges  originating  from  this  contract. 

46.  Withholding  of  Payment 

If  the  Contractor  fails  to  meet  and  pay  all  of  his  just  obligations  outstanding  for  la- 
bor, materials  or  supplies  at  the  time  when  an  estimate  for  payment  is  due  him,  or  if  any 
liens,  claims  or  demands  arising  out  of  or  in  connection  with  the  Work  or  its  performance 
shall  be  outstanding  at  the  time  any  payment  may  be  due  or  is  likely  to  be  made  there 
after,  or  if  any  claims  arising  out  of  or  in  connection  with  the  Contractor's  operations 
under  this  contract  are  made  against  the  Company  by  any  other  person  than  the  Cor 
tractor,   or,   if  in   the  opinion   of  the   Chief  Engineer,   the  Contractor  is   not   proceeding 
with   the  Work  in  accordance  with   the  provisions  of  this  contract,  the  Company  shall 
have  the  right  to  withhold  oul   of  any  payments,  final  or  otherwise,  such   sums  as  the 
Chief  Engineer  may  deem  ample  to  protect  it  against  delay  or  loss  or  to  assure  the  paj 
ment  of  just  claims  of  third  persons,  and  at   its  option,  as  agenl    for  the  Contractor,  to 
apply  such  sums  in  such  manner  as  the  Chief  Engineer  may  deem  proper  to  secure  such 
protection  or  to  satisfy  such  claims.  Such  application  shall  be  deemed  payments  for  tin- 
Contractor's  account.  The  Engineer  may  withhold  payment  to  the  Contractor  on  account 
of  the  failure  of  the  Contractor  to  fully*  comply  with  any  requirement  of  this  contract. 

47.  Quantities 

The  quantities  of  grading,  masonry,  and  other  items,  exhibited  to  the  Contractor  at 
the  letting  are  merely  approximations;  they  furnish  only  general  information,  and  will 
in  no  way  govern  or  affect  the  payments  for  the  Work,  which  will  be  based  upon  exact 
measurements  and  established  facts 
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48.  Monthly  Estimate 

Except  as  herein  otherwise  provided,  payments  for  work  done  under  this  contract 
will  be  made  monthly  as  the  Work  progresses.  So  long  as  the  Work  is  prosecuted  in 
accordance  with  the  provisions  of  this  contract,  and  with  such  progress  as  may  be  satis- 
factory to  the  Engineer,  the  Engineer  will,  on  or  about  the  first  day  of  each  month, 
make  an  approximate  estimate  of  the  proportionate  value  of  the  work  done  up  to  such 
time.  The  amount  of  the  estimate,  less  a  retained  amount  of  ....  percent  and  less  previ- 
ous payments,  shall  be  paid  to  the  Contractor  as  soon  thereafter  as  possible.  The 
work  and  material  included  in  such  monthly  estimates  shall  be  the  property  of  the 
Company  but  it  is  expressly  agreed  to  by  the  parties  hereto  that  no  estimates  given  or 
payments  made  under  this  contract,  except  the  final  payment,  shall  be  conclusive  evidence 
of  the  performance  of  this  contract,  either  wholly  or  in  part,  and  that  no  payment  shall 
be  construed  to  be  an  acceptance  of  defective  work  or  improper  materials.  The  retained 
amount  herein  provided  for  will  not  become  payable  until  all  the  Work  has  been  com- 
pleted to  the  satisfaction  and  approval  of  the  Engineer,  and  until  after  the  payment  of 
all  labor,  material  and  other  costs  of  construction  are  proven  to  his  satisfaction. 

49.  Cleaning  Up 

The  Contractor  shall,  as  directed  by  the  Engineer,  remove  from  the  Company's 
property  and  from  all  public  and  private  property,  at  his  own  expense,  all  temporary 
structures,  rubbish  and  waste  materials  resulting  from  his  operations.  Floors  of  structures 
shall  be  left  broom  clean  and  all  windows  shall  be  washed  on  both  sides.  Prior  to  final 
acceptance,  all  work  done  by  the  Contractor  shall  be  cleaned  up  and  the  premises  occu- 
pied by  the  Work  left  in  a  neat  and  orderly  condition  satisfactory  to  the  Engineer. 

50.  Daily  Reports  and  Accounting  Information 

If  required  by  the  Engineer,  the  Contractor  shall  furnish  a  daily  statement  of  labor 
and  equipment,  distributed  as  to  each  item  of  work  performed,  showing  hours  worked 
and  rates  for  the  various  classes  of  labor.  At  the  completion  of  the  Work,  the  Contractor 
shall  furnish  to  the  Engineer,  a  complete  list  of  unit  quantities,  unit  costs  and  such 
other  information  as  may  be  required  by  the  Company  to  comply  with  the  accounting 
requirements  of  the  Interstate  Commerce  Commission. 

51.  Acceptance 

The  Work  shall  be  inspected  for  acceptance  by  the  Company  promptly  upon  receipt 
of  written  notice  that  the  Work  is  ready  for  such  inspection. 

52.  Final  Estimate 

Upon  the  completion  and  acceptance  of  the  Work,  the  Engineer  will  make  a  final 
estimate  of  the  value  of  the  Work  completed  to  his  satisfaction  and  shall  determine  the 
balance  due  the  Contractor  including  the  retained  percentage  and  less  previous  payments. 
The  balance  so  determined  shall  be  paid  to  the  Contractor  as  soon  thereafter  as  prac- 
ticable, provided,  however,  before  such  final  payment  shall  be  made,  the  Contractor 
shall  furnish,  if  requested  by  the  Engineer,  satisfactory  evidence  that  all  payrolls,  bills 
for  material  and  other  indebtedness  in  connection  with  the  work  have  been  paid  and  that 
all  liens,  claims  or  suits  for  labor  performed  or  material  furnished  in  connection  with  the 
Work  covered  by  this  contract  have  been  made.  The  Contractor  expressly  agrees  to 
reimburse  the  Company  for  any  amounts  that  the  latter  may  be  compelled  to  pay  in 
satisfying  such  actions. 
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This  Contract  sh.ill  inure  to  the  benefit  of  and  be  binding  upon  th<-  local  repre 
sentatives  and  successors  of  the  parties  respectively. 

In  Witness  Whereof,  The  said  Contractor  and   

Chief  Engineer  for  and  on  behalf  of  the  said  Company, 

have  hereunto  set  their  hands,  as  of  the  day  and  year  first  above  written. 

(Name  of  Contractor) 
Witness:  Bv 


(Title) 

(Name  of  Railroad) 

By 

Witness:  

Chief  Engineer 

Report  on  Assignment   1   (c) 

Revision  of  Manual    (Electrical  Agreements) 

E.   M.   Hastings,  Jr.    (chairman,  subcommittee),  V.  J.  Bonner,  Sr.,  A.  B.  Costic,  E.  A. 
Graham,  A.  F.  Hughes,  W.  J.  Malone.  K.  J.  Silvey,  D.  S.  Taylor,  H.  L.  Zouck. 

Your    committee    submits    the    following    recommendations    with    respect    to    Part    3, 
Chapter  20  of  the  Manual. 

Pages  20-3-1   to  20-3-7,  incl. 

FORM   OF  AGREEMENT   FOR   INTERLOCKING 
Reapprove  without  change. 

Pages  20-3-7  to  20-3-15,  incl. 

FORM  OF  AGREEMENT  FOR  PURCHASE  OF  ELECTRICAL 
ENERGY  FOR  TRACTION  AND  OTHER  PURPOSES 

Reapprove  without  change. 

Pages  20-3-16  to  20-3-21,  incl. 

FORM  OF  AGREEMENT  FOR  PURCHASE  OF  ELECTRICAL 
ENERGY  FOR  OTHER  THAN  TRACTION  PURPOSES 

Delete.  All  utility  companies  now  have  standard  published  tariffs  regulated  by  local 
Utility  commissions,  80  this  agreement   is  obsolete  and  of  no  further  use. 
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Pages  20-3-22  to  20-3-24,  incl. 

FORM   OF  AGREEMENT  FOR  JOINT  USE  OF  POLES 
ON  RAILWAY  LANDS 

Reapprove  without  change. 

Pages  20-3-25  to  20-3-30,  incl. 

FORM   OF  AGREEMENT  FOR  WIRE  OR  CABLE  LINE  CROSSINGS 

Reapprove  without  change. 

Pages  20-3-31   to  20-3-34,  incl. 

FORM  OF  AGREEMENT  COVERING  PARALLEL  OCCUPANCY 

OF   RAILWAY  RIGHT-OF-WAY  PROPERTY  BY 

ELECTRIC  POWER  LINES 

Reapprove  without  change. 


Report  on  Assignment  1   (e) 
Revision  of  Manual  (Agreements  Covering  Land) 

Manuel  Garcia  (chairman,  subcommittee).  V.  J.  Bonner,  Sr.,  W.  P.  Coliton,  E.  A.  Gra- 
ham, R.  C.  Heckel,  A.  F.  Hughes,  F.  B.  Mallas,  F.  J.  McMahon,  C.  M.  Sherman, 
E.  W.  Smith,  J.  W.  Wallenius,  H.  L.  Zouck. 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  Part  5,  Chapter  20  of  the  Manual: 

Change  the  title  of  Part  5  from  "Agreements  Covering  Land"  to  "Agreements  Cov- 
ering Property." 

Pages  20-5-1   to  20-5-4,  incl. 

FORM  OF  LEASE  FOR  INDUSTRIAL  SITE 

Reapprove  with  the  following  revisions: 

Page  20- 5-3.  Delete  Art.  21.  Snow  and  Ice;  such  expense  to  be  included  in  all  loss 
of  or  damage  to  property  and  injury  to  or  death  of  persons. 

Page  20-5-4.  Delete  Art.  23.  Liability,  substituting  therefor  the  following: 

23,   Indemnification 

The  Lessee  covenants  and  agrees  to  indemnify,  protect  and  save  harmless  the 
Railway  Company  from  and  against  all  loss  of  and  damage  to  any  property  whatsoever 
(including  property  of  the  parties  hereto  and  all  other  persons  whomsoever),  and  all 
loss  and  damage  on  account  of  injury  to  or  death  of  any  person  whomsoever  (including 
employees  and  patrons  of  the  parties  hereto  and  all  other  persons  whomsoever),  and 
all  claims  and  liability  for  such  loss  and  damage  and  cost  and  expense  thereof,  caused 
by  or  growing  out  of  the  occupancy  or  use  of  said  premises  by  the  Lessee, 
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Page  20-5-5 


FORM  OF  OPTION  FOR  PURCHASE  OF  LAND 
Reapprove  without  change, 


Pages  20-5-6  to  20-5-8,  incl. 

FORM   OF  AGREEMENT  FOR  COMMERCIAL  SIGNS 
ON  RAILWAY  PROPERTY 

Reapprove  with  the  following  revisions: 

Page  20-5-7.  Delete  Art.  8.  Liability,  substituting  therefor  the  following: 

8.  Indemnification 

The  Licensee  shall  not  in  any  way  or  at  any  time  interfere  with  the  safe  passage  oi 
the  Railway  Company's  trains;  and  Licensee  agrees  to  indemnify,  protect  and  save 
harmless  the  Railway  Company  from  and  against  all  loss  of  and  damage  to  any  prop- 
erty whatsoever  (including  property  of  the  parties  hereto  and  of  all  other  persons 
whomscever),  and  all  loss  and  damage  on  account  of  injury  to  or  death  of  any  person 
whomsoever  (including  employees  and  patrons  of  the  parties  hereto  and  all  other  per- 
sons whomsoever),  and  all  claims  and  liability  for  such  loss  and  damage  and  cost  and 
expenses  thereof,  caused  by  or  growing  out  of  operations  of  this  agreement,  or  the 
presence,  construction,  maintenance,  use  or  existance  of  said  sign,  whether  caused  by 
the  fault,  failure  or  negligence  of  the  Railway  Company  or  otherwise. 

Delete  Art.  9.  Risk. 

Renumber  Arts.  10  and   11   to  9  and  10,  respectively. 


Pages  20-5-8  to  20-5-12,  incl. 

FORM    OF   CONVEYANCE   OF  TITLE  GRANTING  THE   RIGHT  TO 

CONSTRUCT  AND   MAINTAIN  BUILDINGS  OVER 

RAILROAD  PROPERTY 

Reapprove  with  the  following  revisions: 

Page  20-5-10.  In  the  first  line  at  the  top  of  the  page,  add  the  words  "maintenance 
and  renewal"  following  the  word  "construction.'' 

In  the  first  line  of  Par.  (b),  add  the  words  "maintenance  and  renewal"  following 
the  word  "construction.'' 

Page   20-5-11.   Delete   Par.    (j),   substituting   therefor   the   following: 

(j)  The  Grantee  covenants  and  agrees  to  indemnify,  protect  and  save  harmless  tin- 
Grantor  from  and  against  all  loss  of  and  damage  to  any  propert)  whatsoever  (indud 
inur  property  of  the  parties  hereto  and  all  persons  whomsoever),  and  all  In--  and  damage 
on  account  of  injury  to  or  death  of  any  person  whomsoever  (including  employees  and 
patrons  of  the  parties  hereto  and  all  other  persons  whomsoever),  and  all  claims  and 
liability  for  such  loss  and  damage  and  cost  and  expense  thereof,  caused  b)  or  growing 
oul  of  Grantee  exercising  the  riuht-  and  privileges  herein  granted,  on,  over  or  upon  the 
propert)  herein  conveyed,  or  in  the  buildings  oi  structures  located  thereon,  arising  from 
m\   cause  whatsoevei 
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Report  on  Assignment   1    (f) 
Revision  of  Manual   (Flood   Control   Agreements) 

W.  I).  Kirkpatrick  (chairman,  subcommittee),  E.  E.  Brady,  R.  F.  Correll,  C.  E.  Gipe, 
J.  F.  Halpin,  A.  F.  Hughes,  F.  M.  Jones,  J.  C.  Miller,  K.  J.  Silvev,  J.  D.  Taylor, 
W.  B.  Tittsworth,  Jr. 

Your    committee    submits    the    following    recommendations    with    respect    to    Part    6, 
Chapter  20  of  the  Manual: 

Pages  20-6-1   to  20-6-4,  incl. 

FORM  OF  AGREEMENT  FOR  CONSTRUCTION  OF  STOP  LOG 
OR  OTHER  STRUCTURES  FOR  FLOOD  CONTROL 

Reapprove  without  change. 

Pages  20-6-4  to  20-6-7,  incl. 

FORM  OF  AGREEMENT  FOR  RAILWAY  FORCE  ACCOUNT  WORK 
ON  FLOOD  CONTROL  PROJECTS 

Reapprove  without  change. 

Pages  20-6-8  to  20-6-11,  incl. 

FORM   OF   AGREEMENT  FOR  DIVISION   OF   WORK, 

MAINTENANCE  AND  OPERATION  OF  FLOOD 

PROTECTION  WORKS 

Reapprove  without  change. 

Report  on  Assignment   1    (g) 
Revision   of  Manual    (Miscellaneous   Agreements) 

C.  R.  DuBose  (chairman,  subcommittee),  J.  J.  Baffa,  H.  F.  Brockett,  C.  L.  Gatton, 
A.  F.  Hughes,  L.  W.  Lindberg,  P.  A.  Moffitt,  E.  E.  Phipps,  D.  S.  Taylor. 

Your   committee   submits   the   following   recommendations   with    respect    to   Part   7, 
Chapter  20  of  the  Manual. 

Pages  20-7-1   to  20-7-3,  incl. 

FORM  OF  AGREEMENT  FOR  THE  USE  OF  RAILWAY  PROPERTY 

BY  HIGH  PRESSURE  PIPE  LINES  WITH  SPECIAL  REFERENCE 

TO  PIPE  LINES  CARRYING  FLAMMABLE  OILS  AND  GAS 

Reapprove  with   the  following  revisions,  and  transfer  the  entire  agreement    form   to 
Part  S — Agreements  Covering  Property,  Chapter  20  of  the  Manual. 

20-7-2.   Delete  Art.  8.   Liability,  substituting  therefor  the   following: 

8.   Indemnification 

The  Licensee  shall,  at  its  own  cost  and  expense  defend,  fully  indemnify  and  forever 
save  harmless  the  Railway   Company,  its  successors  and  assigns  from  all  losses,  claims. 
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damages,  actions  and  causes  of  actiun  resulting  from  or  in  any  manner  growing  out  of 
the  laying,  maintenance,  renewals,  repairs,  use  or  existence  of  the  pipe  line,  including 
the  breaking  of  the  same  or  any  leakage  therefrom;  as  well  as  out  of  the  failure  of  the 
Licensee  to  comply  with  the  terms  and  conditions  of  this  license  whether  the  same  be 
caused  or  contributed  to  by  negligence  of  the  Railway  Company  or  otherwise  and  will 
promptly  repay  any  sum  or  sums  which  the  Railway  Company  may  pay  or  be  com- 
pelled to  pay  and  discharge  any  judgment  or  judgments  that  may  be  rendered  against 
the  Railway  Company,  including  all  costs  and  attorneys'  fees,  because  of  any  such  claim 
or  claims. 


Pages  20-7-3  to  20-7-5,  incl. 

FORM    OF   LICENSE   FOR   PIPES,   CONDUITS,   DRAINS,  HOPPER 
PITS,  AND  OTHER  STRUCTURES  ON  RAILWAY  PROPERTY 

Reapprove  with  the  following  revisions,  and  transfer  the  entire  agreement  form  to 
Part  5 — Agreements  Covering  Property,  Chapter  20  of  the  Manual. 

Page  20-7-4.  Under  Art.  1.  Grants,  add  the  word  "hereby"  immediately  following 
the  word  "Company"  in  the  first  line. 

Delete  Art.  5.  Liability,  substituting  therefor  the  following. 

5.  Indemnification 

The  Licensee  shall,  at  its  own  cost  and  expense  defend,  fully  indemnify  and  forever 
save  harmless  the  Railway  Company,  its  successors  and  assigns  from  all  losses,  claims, 
damages,  actions  and  causes  of  action  resulting  from  or  in  any  manner  growing  out  of 
the  operations  of  the  License;  as  well  as  out  of  the  failure  of  the  Licensee  to  comply 
with  the  terms  and  conditions  of  this  license  whether  the  same  be  caused  or  contributed 
to  by  negligence  of  the  Railway  Company  or  otherwise  and  will  promptly  repay  any 
sum  or  sums  which  the  Railway  Company  may  pay  or  be  compelled  to  pay  and  dis- 
charge any  judgment  or  judgments  that  may  be  rendered  against  the  Railway  Company, 
including  all  costs  and  attorneys'  fees,  because  of  any  such  claim  or  claims. 


Pages  20-7-6  to  20-7-8,  incl. 

FORM    OF    AGREEMENT    FOR    UNLOADING    LIQUEFIED 
PETROLEUM   GASES  AND   OTHER   LIQUEFIED  GASES 

Reapprove  without  change. 


Pages  20-7-8  to  20-7-8.2,  incl. 

FORM  OF  AGREEMENT  TO  PERMIT  SUBSURFACE 
EXPLORATION   ON   RAILWAY   PROPERTY 

Reapprove  without   change,  and  transfer  entire  agreement   form  to  Pari   5     Agree- 
ments Covering  Property,  Chapter  20  of  the  Manual. 

Hull.   RAO 
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Pages  20-7-10  to  20-7-13,  incl. 

FORM  OF  AGREEMENT  COVERING  SUBSURFACE  RIGHTS 
TO   MINE   UNDER  RAILWAY  CARRIER  PROPERTY 

Reapprove  with  the  following  revisions,  and  transfer  entire  agreement  form  to  Part 
5 — Agreements  Covering  Property,  Chapter  20  of  the  Manual. 

Page  20-7-10.  Under  Art.  1.  Grant,  first  line,  delete  the  word  "does",  and  the  words 
"give  and."  Change  the  word  "grant"  to  "grants." 

Pages  20-7-14  to  20-7-19,  incl. 

FORM   OF  LEASE  FOR  DEVELOPMENT  OF   OIL  AND  GAS 
ON  RAILWAY  LANDS 

Reapprove  with  the  following  revisions,  and  transfer  the  entire  agreement  form  to 
Part  5 — Agreements  Covering  Property,  Chapter  20  of  the  Manual. 

Page  20-7-18.  At  the  end  of  Art.  6.  Unitization,  add  the  following  note: 
Note:  Size  of  oil  and  gas  units  to  conform  to  rules  prescribed  by  lawful  regulating 
bodies  having  jurisdiction. 

Pages  20-7-20  to  20-7-26,  incl. 

FORM  OF  AGREEMENT  FOR  TURNPIKE  OR  TOLL  ROAD 
CROSSING  RAILWAY  TRACKS  AND  PROPERTY 

Reapprove  without  change. 

Pages  20-7-27  to  20-7-32,  incl. 

FORM    OF   LEASE   COVERING   SUBSURFACE   RIGHTS   TO   MINE 
UNDER  RAILWAY  MISCELLANEOUS  PHYSICAL  PROPERTY 

Reapprove  without  change. 

Pages  20-7-33  to  20-7-38,  incl. 

FORM   OF  AGREEMENT  FOR  CONSTRUCTION  AND  MAINTE- 
NANCE OF  HIGHWAY-RAILWAY  GRADE  SEPARATION 
STRUCTURES  FOR  PUBLIC  ROADS 

Reapprove  without  chmge. 


Report  on  Assignment  3 

Form  of  Lease  Covering  Right  to  Strip-Mine  on  Railway 
Miscellaneous  Physical   Property 

D.  F.  Lyons  (chairman,  subcommittee),  J.  J.  Baffa,  W.  P.  Coliton,  R.  F.  Correll, 
A.  F.  Hughes,  F.  M.  Jones,  F.  B.  Mallas,  J.  C.  Miller,  E.  E.  Phipps,  W.  B.  Titts- 
worth,  H.  L.  Zouck. 

Your  committee  submits,  as  a  progress  report,  for  information,  a  revised  draft  of  the 
form   submitted   for  consideration   last  year  and   published   in   the  Proceedings,  Vol.  61, 
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1960,  page  397.  The  revised  draft  incorporates  suggestions  received,  overcomes  objec- 
tions made  and  is  consistent  with  other  forms  in  the  Manual. 

Again,  as  last  year,  your  suggestions  and  comments  for  improving  the  form  are 
welcomed,  particularly  from  those  who  may  have  had  some  experience  in  strip-mine 
operations  or  in  negotiating  for  such. 

Acknowledgment 

The  committee  specially  wishes  to  acknowledge  the  helpful  suggestions  of 
R.  D.  Snouffer,  an  attorney  for  The  Pennsylvania  Railroad. 

FORM   OF   LEASE   COVERING  RIGHT  TO  STRIP-MINE  ON 
RAILWAY  MISCELLANEOUS  PHYSICAL  PROPERTY 

THIS   LEASE,   made   this    day   of    ,   1°- by  and 

between  ,  a  corporation  organized  and  exist- 
ing under  the  laws  of  the  State  of   ,  hereinafter  called  the  Railway 

Company,  and  ,  hereinafter  called  the  Lessee. 

WITNESSETH: 

Whereas,  the  Railway  Company  owns  certain  premises  situated  in 

County  of   ,  State  of   ,  further 

described  as   follows    hereinafter 

referred  to  as  Premises,  and  as  shown  on  "Exhibit   ". 

dated    hereto   attached   and   made   a   part   hereof,  and 

Whereas,  the  Lessee  desires  the  right  and  privilege  to  mine  and  remove  the 
* on  or  underlying  the  surface  of  said  Premises,  and 

Whereas,  the  Railway  Company  is  agreeable  to  granting  the  Lessee  a  lease  for  such 
purposes; 

Now,  Therefore,  in  consideration  of  $ cash  in  hand  paid  by 

the  Lessee  to  the  Railway  Company,  of  the  royalties  hereinafter  provided,  and  of  the 
covenants  herein  contained,  the  Railway  Company  hereby  grants  said  lease,  subject  to 
the  following  terms  and  conditions: 

1.  Mining   Rights 

The   Railway   Company,  insofar  as  it  lawfully  may,  grants  to  the  Lessee  the  privi- 

to  mine  by  the  strip-mining  method  and  to  remove  the   * found 

on  or  under  the  Premises,  except  as  hereinafter  provided,  together  with  the  right  of 
ingress  or  egress  and  with  such  other  rights  as  may  be  customary  or  necessary  for  the 
proper  conducting  of  strip-mining  operations  upon  the  Premises,  except  that  if  by  reason 
of  the  provisions  contjined  in  any  of  the  deeds  and  conveyances  for  the  respective  tracts 

of   lands   herein   leased,   the   Railway   Company   has  no  right  to  mine    * 

upon  the  said  lands,  additional  mining  rights  shall  be  obtained  by  Lessee  at  it-  own  cosl 
and  expense. 

2.  Term 

This   lease  shall    be  effective    (date)    and  shall  extend   for  a 

period  of   ye  irs.  It  may  be  renewed  for  a   period,  upon 

the    same    conditions,    upon    six    months'    notice    by    the    Lessee    prior    to    the    date 
expiration. 
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3.  Rentals  and  Royalties 

The     Lessee     shall     pay     to     the     Railway     Company     a     rental     or     royalty     of 

$ payment  to  be  made  monthly  not  later  than  the   day 

of  each  month  for  the  * shipped  during  the  preceding  month;  pro- 
vided, however,  that  for  the  year  beginning  January  1,  19....,  and  every  year  there- 
after,  the  Lessee  shall  pay   to  the  Railway  Company  a  minimum   rental  or  royalty  of 

$ such    minimum    payment    to    be    made    not    later    than    the 

of  the  succeeding  year. 

4.  Taxes 

The  Lessee  shall  pay  all  taxes  which  may  be  levied  or  assessed  upon  the  leasehold 
estate  hereby  created,  the  surface  land  used  by  the  Lessee  and  all  buildings  and  improve- 
ments placed  thereon  by  the  Lessee,  for  each  year  during  the  continuance  of  the  lease, 

and  all  taxes  that  may  be  imposed  upon  the   * after  it  is  mined  from 

the  Premises,   or  other   products  made   from   the    * whether   the   taxes 

are  so  levied  or  assessed  in  the  name  of  the  Railway  Company  or  the  Lessee.  If  the 
Lessee  fails  to  pay  the  taxes,  or  any  part  thereof,  when  and  as  they  become  due  and 
payable,  they  may  be  paid  by  the  Railway  Company,  and  the  Lessee  shall  pay  to  the 

Railway   Company  any  such  sums  paid  by  the  Railway   Company  within    days 

after   demand   therefor,   with   interest   at   the   rate   of    percent   per   annum,   and 

the  Railway  Company  shall  have  the  same  liens  and  remedies  for  the  collection  of 
money  so  paid  by  it  as  are  hereinafter  provided  for  and  reserved  to  it  for  the  collection 
of  rentals  or  royalties. 

5.  Exceptions  and  Reservations 

The  Railway  Company  reserves  the  rights  for  existing  railroad  facilities  and  leases 
within  the  area  described,  and  further  reserves  the  right  to  construct,  operate  and  main- 
tain additional  railroad  facilities  and  grant  leases  that  do  not  interfere  with  the  mining 
operations. 

7.  Clearances 

Lessee  shall  not  perform  any  operations  nearer  to  the  tracks  and  other  facilities  of 

the   Railway   Company   than   those   distances   specified   by   the    of 

the  Railway  Company. 

8.  Plan  for  Mine  Development 

The  Lessee  shall,  before  commencing  any  operations  on  the  Premises  sub- 
mit  to   the   Railway   Company   for  approval  a   plan  providing  for  the   removal  of   the 

* Approval  of  the  plan  shall  not  constitute  assumption  of  any  liability 

by  the  Railway  Company. 

9.  Method  of  Mining 

The  Lessee  shall  mine  and  remove  the  * in  an  efficient,  workman- 
like, and  proper  manner,  in  conformity  with  approved  and  modern  strip-mining  meth- 
ods, and  all  local,  State,  or  Federal  applicable  laws  and  regulations. 

10.  Depth  of  Strip-Mining 

The  Lessee  shall  mine  by  strip-mining  all  of  the  merchantable    * 

on  or  underlying  the  Premises  where  the  cover  overlying  the   seam 

or  vein  of   * is  not  more  than   feet  in  depth. 


Contract    Forms  353 


11.  Deep  Mining 

The  Lessee  shall  conduct  strip-mining  operations  in  such   manner  as  not   to  hinder 

or  interfere  with  the  mining  of  the  remainder  of  the   * underlying  the 

Premises   by   deep  mining.   The  Lessee  shall  leave  the   face  of   the    * 

exposed  at  such  points  as  designated  by  the  Railway  Company  for  deep  mine  openings, 
and  the  Lessee  shall  also  grade  drainways  and  openings  as  designated  by  the  Railway 
Company  across  the  spoil  pile  for  drainage  from  the  deep  mine  openings  and  for  other 
purposes. 

12.  Auger   Mining 

Lessee  shall  not  mine  or  remove  any   * by  au^rer  mining  without 

first  obtaining  written  permission  from  the  Railway  Company.  The  application  by  the 
Lessee   for  permission  to  auger  shall  be  accompanied  by  a  plan  for  the  augering. 

13.  Minerals  Discovered 

The  Lessee  shall  occupy  and  hold  for  the  Railway  Company  all  cross  or  parallel 
lodes,    dips,    spurs,    feeders,    crevices    or    mineral    deposits    of    any    kind    other    than 

* which  may  be  discovered  and  shall  immediately  notify  the  Railway 

Company  of  such  discovery. 

14.  Disposal  of  Residue  Material 

The  Lessee  shall  dispose  of  all  residue  material  resulting  from  its  mining  operations 
in  a  manner  satisfactory  to  the  Railway  Company. 

15.  Weight  of  Material  Mined 

The  quantity  of  * mined  from  the  Premises  and  shipped  in  rail- 
way cars  shall  be  determined  by  the  weight  sheets  furnished  by  the  Railway  Comp.iny 
over  which  the  * is  shipped.  Weight  certificates  from  a  licensed  weigh- 
ing station  shall   be   furnished   for  all    * shipped   from  the   Premise.-  by 

any  other  means. 

16.  Records  of  Lessee 

The  Lessee  shall  keep  an  accurate  record  of  all  * mined  and  re- 
moved or  converted  into  other  products  or  used  or  stored  on  the  Premises,  and  a  record 

of  all  analyses  made  or  caused  to  be  made  by  the  Lessee  of  the  * The 

authorized  representatives  of  the  Railway  Company  shall  have  access  at  any  and  all 
reasonable  time.-  to  all  such  records  for  the  purpose  of  inspecting,  auditing  and  making 
copies   of   record.-. 

The  Lessee  shall,  on  or  before  the   day  of  each  calendar  month,   furnish   to 

the  Railway  Company  a  report  in  venting,  showing  the  total  quantity  mined  from  the 
Premises  during  the  preceding  month,  under  this  lease. 

17.  Inspection  of   Mine 

The  authorized  representatives  of  the  Railway  Company  shall  hive  the  right  al  .ill 
times  to  enter  the  workings  and  other  operations  of  the  I.e.--ee  under  thi-  lei.-e  in  order 
to  make  inspections  and  surveys. 

The  Railway  Company  may  direct  the  Lessee,  by  written  notice  delivered  to  the 
mine  superintendent  or  any  other  person  in  authority  at  the  mine  on  the  Premises,  to 
stop  or  remedy  immediately  any  mining  practices  or  other  acts  which  may  in  it-  opinion 
cause  any  loss  or  injury,  and  the  Lessee  <hall  comply  with  such  direction. 
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18.  Private  Crossings 

The  Lessee  may  construct  and  maintain  such  grade  crossings  as  may  be  approved 
by  the  Railway  Company  and  shall  provide  such  crossing  protection  as  may  be  de- 
clared necessary  by  the  Railway  Company. 

19.  Indemnification 

The  Lessee  covenants  and  agrees  to  indemnify,  protect  and  save  harmless  the  Rail- 
way Company  from  and  against  all  loss  of  and  damage  to  any  property  whatsoever 
(including  property  of  the  parties  hereto  and  all  other  persons  whomsoever),  and  all 
loss  and  damage  on  account  of  injury  to  or  death  of  any  person  whomsoever  (including 
employees  and  patrons  of  the  parties  hereto  and  all  other  persons  whomsoever),  and 
all  claims  and  liability  for  such  loss  and  damage  and  cost  and  expenses  thereof,  caused 
by  or  growing  out  of  the  occupancy  or  use  of  the  Premises  by  the  Lessee. 

20.  Insurance 

The  Lessee  shall  at  the  Lessee's  own  expense  carry  insurance  at  all  times  in  a  com- 
pany  or  companies  approved  by  the  Railway  Company  covering  the  liability  assumed 

under     this     lease     with     limits    of     not    less     than    $ for     one 

person    and    $ for    one    accident    for    personal   injuries    or    death, 

and  $ for  property  damage  for  each  accident,  with  an  aggre- 
gate limit  of  not  less  than  $ and  shall  furnish  the  Railway  Com- 
pany true  original  counterparts  of  such  policy  or  policies  and  have  the  Railway 
Company's  written  approval  of  the  policies  at  least  forty-eight  hours  before  entering 
the  Premises.  The  policies  shall  provide  for  written  notice  to  the  Railway  Company  at 
least   days  in  advance  of  cancellation. 

21.  Termination 

The  Railway  Company  shall  have  the  right  to  terminate  this  lease  if  the  Lessee 
shall  default  in  the  payment  of  rentals,  royalties  or  any  other  money  herein  provided 
to  be  paid  by  the  Lessee  when  and  as  due  and  payable,  or  if  the  Lessee  shall  fail  to  keep, 
observe  or  perform  any  of  the  covenants,  agreements  or  conditions  in  this  lease,  and  if 

any  such  defaults  shall  continue  for  a  period  of   days  after  written  notice 

is  given  by  the  Railway  Company  to  the  Lessee. 

The  Railway  Company  shall  also  have  the  right  to  terminate  this  lease  if  the 
Lessee  shall  make  any  assignment  for  the  benefit  of  creditors,  or  shall  be  adjudicated 

bankrupt,   or   file   an   application   under    

of  the  Bankruptcy  Act  or  any  amendment  thereto  or  substitute  therefor,  or  any  answer 
admitting  material  allegations  of  an  application  filed  against  Lessee  thereunder,  or  shall 
suffer  or  permit  a  receivership  of  the  Lessee's  property.  No  demand  for  the  payment  of 
rentals  or  royalties  or  other  money  required  to  be  paid  by  the  Lessee,  nor  other  notice 
of  default  than  above  provided,  nor  any  re-entry  by  the  Railway  Company  shall  be 
necessary  in  order  to  effect  a  termination  of  this  lease.  The  Railway  Company  may 
thereupon  or  at  any  time  thereafter,  without  further  notice,  demand  or  action,  re-enter 
and  take  possession  of  the  Prenvses,  or  any  part  thereof,  to  the  same  extent  and  with 
like  effect  as  though  this  lease  had  never  been  made.  In  case  the  Railway  Company 
exercises  the  right  herein  provided  to  declare  this  lease  terminated,  it  shall  not  be  liable 
to  the  Lessee  for  any  injury  or  damage  by  reason  thereof,  and  the  Lessee  hereby  ex- 
pressly waives  and  releases  any  and  every  claim  for  any  such  injury  or  damage.  But  the 
exercise  by  the  Railway  Company  of  the  right  to  declare  this  lease  terminated  shall  not 
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be  held  to  release  or  impair  any  then  existing  obligations  or  liabilitiy  of  the  Lessee  here- 
under or  any  right  to  remedy  herein  granted  to  or  in  any  manner  vested  in  the  Railway 
Company  or  otherwise  available  to  it  for  the  collection  of  rentals,  royalties  on  other 
money  payable  hereunder  or  the  enforcement  of  any  other  liability. 

22.  Removal  of  Property  After  Term 

Upon  termination  of  this  lease  and  the  Lessee  having  paid  to  the  Railway  Company 
all  the  royalties,  rentals  and  other  moneys  required  to  be  paid  hereunder,  and  complied 
with  all  the  covenants  and  agreements  contained  herein  on  the  part  of  the  Lessee  to  be 

kept   and   performed,    then    the   Lessee   shall   within    the   period   of    months 

from  the  date  of  termination,  remove  the  mine  plant,  improvements,  machinery  and 
equipment  which  it  has  placed  upon  the  Premises.  Any  property  not  so  removed  by  the 
Lessee  within  this  period  of  months  shall  become  the  property  of  the  Rail- 
wax  Company,  and  it  may  remove  the  mining  plant,  improvements,  machinery  and 
equipment  at  the  expense  of  the  Lessee. 

23.  Railway  Company's  Liens 

In  order  to  secure  the  payment  of  all  rentals  or  royalties  and  other  amounts  herein 
provided  to  be  paid  by  the  Lessee,  the  Railway  Company  is  hereby  given  a  first  lien 
upon  the  leasehold  estate  hereby  created  and  upon  all  houses,  buildings,  structures,  ovens, 
rails,  railroad  tracks,  equipment,  machinery,  improvements  and  property  of  every  kind 
and  character  which  may  be  placed  by  the  Lessee  upon  the  Premises.  All  rentals,  royal- 
ties and  other  moneys  herein  provided  to  be  paid  by  Lessee  shall  be  deemed  and  treated 
as  rents  reserved  upon  contract  by  the  Railway  Company. 

24.  Modifications 

No  waiver,  release,  modification,  alteration  or  amendment  of  any  of  the  terms,  con- 
ditions or  provisions  of  this  lease  shall  be  valid  or  set  up  or  relied  upon  or  offered  in 
any  judicial  proceeding  or  otherwise  unless  the  same  is  in  writing,  duly  executed  by  the 
Railway  Company  and  the  Lessee. 

25.  Notice  to  Lessee 

Any  notice  to  be  given  by  the  Railway  Company  to  the  Lessee  shall  be  deemed  to 
be  served  if  the  same  be  delivered  to  the  person  in  charge  of  the  office  used  by  the 
Lessee,  or  to  his  representative  at  or  near  the  work,  or  deposited  in  the  postoffice,  post- 
paid, addressed  to  the  Lessee  at  his  last  known  place  of  business. 

26.  Notice  to  Railway  Company 

The  giving  of  any   notice  to   the   Railway   Company    under   the  provisions  of  this 

lease  shall  be  sufficient  if  in  writing  and  sent  by  certified  mail  to  the  

of  the  Railway  Company  at   

All  plan.-,  maps,   reports  and  other  records  and  information   herein   required  to  be 

furnished  by  the  Lessee  to  the  Railway  Company  shall  be  mailed  to  the  

of  the  Railway  Company  at  the  above  address,  unless  and  until  the  Lessee  shall  be 
otherwise  instructed  in  writing  by  the  Railway  O  mpanj 

27.  Railway  Company's  Rights  Not   Waived 

No  delay  or  omission  of  the  Railway  Company  to  exercise  an)  right,  remed)  oi 
lien  accruing  upon  any  default  or  forfeiture  hereunder,  or  otherwise  available  to  it. 
-hill  impair,  prejudice  or  waive  any  such  right,  remedy,  or  lien,  but  ever)    such  right, 
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remedy  and  lien  may   be  exercised  by   the   Railway  Company  in  the  same  manner  and 
to  the  same  extent  as  if  such  delay  or  omission  had  not  occurred. 

28.  Arbitration 

In  case  any  question  arises  under  this  agreement  or  concerning  the  subject-matter 
thereof,  upon  which  the  parties  hereto  cannot  agree,  such  question  shall  be  settled  by  a 
sole,  disinterested  arbitrator,  to  be  selected  jointly  by  the  parties  to  this  agreement,  and 
if  they  fail  to  select  such  arbitrator  within  days  after  demand  for  arbitra- 
tion is  made  by  either  party  hereto,  then  such  arbitrator  shall  be  appointed  by  a  judge 
of   the    Court   of    

The  expense  of  arbitration  shall  be  apportioned  between  the  parties  hereto,  or 
wholly  borne  by  either  party,  as  determined  by  the  arbitrator. 

29.  Assignment 

The  Lessee  shall  not  assign,  sublet  or  underlet,  mortgage  or  convey  this  lease  or  the 
leasehold  estate,  rights  or  privileges  hereby  demised,  or  any  part  thereof  or  interest 
therein,  without  first  having  obtained  the  written  consent  of  the  Railway  Ccmpany.  Any 
transfer  by  process  of  law  or  proceeding  in  equity,  or  any  transfer  of  a  controlling 
interest  of  Lessee  to  persons  not  now  in  control  of  Lessee,  shall  be  deemed  an  assign- 
ment within  the  meaning  of  this  provision  and  violation  of  this  covenant.  Subject  to 
the  provisions  herein  contained  regarding  assignment,  this  agreement  shall  extend  to  and 
bind  the  successors  and  assigns  of  the  respective  parties  hereto. 

In     Witness    Whereof,     the    parties    hereto    have    executed    this    instrument     in 

,  as  of  the  day  and  year  first  above 

written. 

Attest   Company 

Secretary  By 

Attest  Lessee 

Secretary  By 

Note    1.— Insert    the    name    of    the    material    to    be    mined   in    all    blanks    marked 
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(E)  Member  Emeritus. 
Died   July    16,    1960. 


To   The  American   Railway  Engineering  Association: 
Your  committee  reports   on   the   following  subjects: 

1.  Revision  of  Manual. 

Progress  report,  including  recommended  revisions    page  359 

2.  Merits    and    economics    of    prefabricated    types    of    highway-railway    grade 
crossings. 

Installation  and  maintenance  costs  of  various  types  of  prefabricated  cross- 
ings are  being  accumulated  and  studied.  Analysis  of  these  costs  will  provide 
the  basis  fur  future  committee  recommendations. 

J.  Merits  of  various  types  of  highway  railway  grade  crossing  protection,  col- 
laborating with  Signal  Section,  AAR. 

Progress   report,  submitted  as  information    page  363 

4.  Relative  effective   visibility   of   highway-railway   crossbuck   signs  of   various 
sizes,  colors,  and  materials. 

Final  report,  submitted  with  a  recommendation   for  Manual  revision    page   $65 


5.  Recommended  method  of  developing  annual  maintenance  cosl  ol  the  various 

types    of    highway-railway    grade    crossing    protection,    collaborating     with 
Signal  Section.  AAR 

Proirres-  report,  submitted  as  information    pagi    J71 
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6.  Methods    of    providing    additional    advance    warning    to    highway    traffic 
approaching  a  highway-railway  grade  crossing. 

Progress  report,  .submitted  as  information    page  372 

7.  Specifications  for  the  construction  of  pavement  between  tracks. 

Final  report,  submitted  as  information    page  373 

The  Committee  on  Highways, 

J.  M.  Trissal,  Chairman. 
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MEMOIR 

<gup  ^reacott  -palmer 

Guy  Prescott  Palmer,  retired  regional  engineer,  construction  and  maintenance.  Bal- 
timore &  Ohio  Chicago  Terminal  Railroad  Company,  passed  away  in  the  Hinsdale,  111. 
sanitarium  on  July  16,  1960,  following  a  stroke  a  few  days  earlier. 

Mr.  Palmer  was  born  March  29,  1883,  at  Winchester,  Mass.  In  1898  and  1899  he 
was  employed  at  the  McKay  Shop  of  the  United  Shoe  Machinery  Company,  where  he 
learned  the  use  of  lathes  and  drills  and  did  machine  bench  work.  He  first  entered  the 
service  of  the  Baltimore  &  Ohio  Railroad  in  1902  as  an  assistant  on  the  engineering 
corps  on  the  Wheeling  Division  while  he  was  a  student  at  Massachusetts  Institute  of 
Technology.  He  also  worked  for  a  short  time  on  the  Boston  &  Maine  at  Boston.  In 
1905  he  returned  to  the  B&O  on  a  permanent  basis  and  was  assigned  to  the  Chicago 
Division  as  assistant  on  the  engineering  corps.  When  the  Chicago  Terminal  Transfer 
Railroad  was  purchased  by  the  B&O  in  1910  and  became  the  Baltimore  &  Ohio  Chicago 
Terminal  Railroad,  Mr.  Palmer  was  transferred  to  Chicago  and  promoted  to  assistant 
engineer.  Subsequently,  he  was  promoted  to  division  engineer,  engineer  maintenance  and 
construction,  and  regional  engineer  construction  and  maintenance,  all  with  the  B&OCT, 
retiring  on  June  16,  1949  at  the  age  of  66. 

Mr.  Palmer  was  a  very  active  member  of  the  AREA,  joining  the  association  in 
1911  and  becoming  a  life  member  in  1946.  He  was  a  member  of  Committee  Q- — High- 
way 1926-1953,  and  Member  Emeritus  from  1053  until  the  time  of  his  death.  He  was 
a  member  of  Committee  3,  1918-1926,  and  a  member  of  Committee  25 — Waterways 
and  Harbors,  1936-1946,  serving  as  vice  chairman  1936-1938  and  chairman  1938-1942. 
He  was  also  a  member  of  Committee  26 — Standardization,  1938-1942.  He  was  a  mem- 
ber of  the  General  Convention  Arrangements  Committee  from  1925-1955  serving  as 
chairman  in  1942,  1945  and  1948,  and  then  as  an  Honorary  Member  since  1955.  He 
was  also  a  director  of  the  Association,  1940-1943. 

In  addition  to  Mr.  Palmer's  activities  in  the  AREA,  he  was:  member,  Western 
Railway  Club ;  past  president  and  honorary  member,  Maintenance  of  Way  Club  of 
Chicago ;  life  member,  Roadmasters  and  Maintenance  of  Way  Association ;  life  member, 
Western  Society  of  Engineers ;  former  chairman,  Zone  6,  AAR  Committee  on  Waterway 
Projects;  former  chairman,  Engineering  Committee  Calumet-Sag  Channel  Project; 
former  chairman,  Illinois  Engineers  General  Order  No.  22  Clearance  Committee;  and  a 
registered  professional  engineer,  States  of  Illinois  and  Indiana. 

Surviving  are  his  wife,  Louise;  a  son,  Robert;  a  daughter,  Mrs.  John  Boyce;  and 
a  sister. 
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Mr.  Palmer  was  respected  and  greatly  admired  bj  all  who  had  the  privilege  ,,! 
working  with  him  and  will  long  be  remembered  by  his  associates  and  friend>  becau  e 
of  his  devotion,  loyalty  and  genial  personality. 

\V.   A.   Buckmaster,   Chairman, 

J.  M.  Trissal, 
R.  E.  Skinner, 

Committee  <>>i  Memoir. 


Report  on  Assignment   1 
Revision  of  Manual 

E.  K.  Englert  (chairman,  .subcommittee),  F.  N.  Barker,  A.  C.  Cavou.  C.  A.  Christensen, 
H.  B.  Clarkson,  W.  R.  Dunn,  Jr.,  P.  J.  Harnish,  Wm.  J.  Hedley,  J.  T.  Hoelzer, 
J.   A.   Jorlett,   R.   L.   Lemon.  W.   C.  Pinschmidt,  Raymond  Wescott. 

Your  committee  is  reviewing  Chapter  9  of  the  Manual  and  this  year  submits  the 
following  recommendations  for  adoption: 

Page  9-1-1 

RECOMMENDED   USE   OF   VARIOUS  TYPES  OF   HIGHWAY- 
RAILWAY    GRADE    CROSSINGS 

Reapprove   with   the   following  revisions: 

In  the  table  change  the  items  under  "Type  of  Crossing  Recommended"  to  read  as 
follows: 

In  High-  In  Low- 
Speed  Track  Speed  Track 

Improved-heavy    traffic    3  1   or  3 

Improved-medium    traffic    1  or  3  1  or  3 

Improved-light    traffic     1 ,  2  or  3  1 ,  2  or  3 

Unimproved-light    traffic    1   or  2  1   or  2 

In  the  "Reference  List  of  Specifications',  strike  out  all  reference  t"  crossing  type 
No.  4 — Precast  concrete  slab  crossings,  and  crossing  type  No.  5 — Monolithic  concrete 
crossings. 

Pages  9-1-2  and  9-1-3 

GENERAL   SPECIFICATIONS   FOR   HIGHWAY  GRADE   CROSSINGS 
OVER   RAILROAD   TRACKS 

Reapprove  with  the  following  revisions: 

Art.  2.  Profile  of  Crossing  and  Approaches:   Change  the  last  sentence  from  "In  no 

evenl   shall  the  surface  of  the  bighwaj    be  more  than    "  to  "It   is  desirable  thai 

the  surface  of  the  highway  be  not  more  than  '" 

Art.  5.  Ballast:  Change  to  read  "The  ballast  and  sub-ballast  shall  be  dug  oul  a 
sufficient  distance  below  the  bottoms  of  the  ties,  beyond  the  ends  of  the  ties  and  beyond 
the  crossing,  and   reballasted  with  ballast   to  conform  with  AREA   specifications  " 

Art.   6.    Tie-:    Strike   out    the    words   "Where    feasible   9-ft." 

Art.  7  Rail:  Strike  out  the  fourth  word,  "double"  in  the  next  lc.  the  last  sentence, 
Change  the  second  word  in  the  lasl  sentence  from  "shall"  to  "should." 
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Art.  8.  Flangeways:  Change  tu  read  "Flangeways  not  less  than  2l/>  or  more  than 
3   in.  in  width  should  be  provided.  Flangeways  shall  be  2  in.  in  depth." 

Art.  o.  Choice  of  Material  for  Crossing:  In  the  list  of  specifications  that  are  in- 
cluded in  the  Manual,  strike  out  "Precast  concrete  slab  crossings"  and  "Monolithic 
concrete  crossings." 

Pages  9-1-4  and  9-1-5 

SPECIFICATIONS  FOR  THE  CONSTRUCTION   OF   BITUMINOUS 

CROSSINGS 

Reapprove  with  the  following  revisions: 

Art.  1.  Scope:  Change  the  first  paragraph  to  read  "These  specifications  cover  the 
use  of  bituminous  mixtures  in  the  construction  of  highway  grade  crossings.  Suitable 
mixtures  are  not  specified  by  composition.  The  mixtures  shall  comply  with  State 
specifications  for  a  particular  type  of  material." 

In  the  second  paragraph  add  the  words  "size  of  flangeways,"  after  the  words  "to 
determine  the  size  of  crossing,". 

Art.  2.  Foundation:  Change  to  read  "The  new  ballast  shall  be  thoroughly  tamped 
to  a  uniform  surface  level  so  that  the  bituminous  mixture  will  have  a  minimum  thick- 
ness of  2y2  in." 

Art.  3.  Materials:  Change  to  read  "Analysis  of  aggregates  and  asphalt  cement  or 
bitumen  shall  comply  with  State  specifications  for  the  type  roadway  involved." 

Art.  4.  Handling  Material:  Change  to  read  "Emulsified  asphalt  shall  not  be  ex- 
posed to  freezing  temperatures.  Hot  bituminous  mixtures  shall  be  protected  from  rain 
and  should  not  be  spread  on  wet  surfaces  or  at  temperatures  below  40  deg  F." 

Art.  5.  Flangeways:  Change  to  read  "Flangeways  shall  be  formed  by  the  installa- 
tion of  an  approved  header  on  the  gage  side  of  the  rail.  Header  may  also  be  placed 
along  the  outer  side  of  the  rail  to  prevent  the  bituminous  surface  from  coming  into 
contact  with  the  rail.  The  headers  on  the  outside  of  the  rail  shall  be  %  in  below  the 
top  of  rail  for  a  distance  of  3  in  outside  the  rail.  The  space  below  the  flangeways  and 
the  space  between  the  outside  header  and  the  rail,  if  any,  may  be  filled  with  a  mastic 
material  to  close  these  openings." 

Art.  6.  Methods  of  Constructing  Pavement:  In  part  (a)  Binder  Course,  strike  out 
the  last  sentence  of  the  first  paragraph  and  the  proportions  referred  to  in  this  sentence. 

In  part  (a)  Wearing  Surface,  strike  out  the  words  "preferably  with  a  self-propelled 
roller",  the  last  words  in  the  first  sentence.  In  the  second  sentence  strike  out  the  first 
six  words  "When  such  a  roller  is  used"  and  change  the  rest  of  the  sentences  to  read 
"The  finished  surface,  after  compacting,  shall  be  level  with  the  top  of  rail,  but  not 
crowned."  In  the  last  sentence  strike  out  the  last  five  words  "and  in  the  following  pro- 
portions:" and  the  proportions  referred  to. 

In  part  (a)  Seal  Coat,  strike  out  the  last  sentence  and  the  proportions  referred  to 
in  this  sentence. 

In  part  (b)   change  the  last  part  of  the  first  sentence  to  read  " an  even 

surface  and  a  minimum  thickness  of  2^2  in."  In  the  second  sentence  strike  out  the 
words  "preferably  rolled  with  a  self-propelled  roller." 

Art.  7.  Repairs:  Delete. 
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Pages  9-1-6  and  9-1-7 


SPECIFICATIONS    FOR   THE    CONSTRUCTION    OF    WOOD 
PLANK  CROSSINGS 

Reapprove  with  the  following  revisions: 

Art.  1.  Scope:  In  the  second  paragraph  add  the  words  "size  of  flangeways,"  after 
the  words  "to  determine  the  size  of  crossing,". 

Art.  3.  Material:  In  the  first  sentence,  first  paragraph,  change  the  word  "preferably" 
to  ''such  as."  In  the  second  paragraph,  strike  out  "or  where  suitable  second-hand 
material  is  available." 

Art.  4.  Size  of  Planks:  In  Par.  (b)  Width  and  Thickness,  change  the  first  sentence 
to  read:  "All  planks  should  be  not  less  than  8  in  wide."  Strike  out  "and  width",  the 
last  two  words  in  the  paragraph. 

Art.  5.  Types  of  Wood  Plank  Crossings:  Change  the  second  and  third  lines  of  the 
second  paragraph  to  read  "be  fabricated  from  full-depth  planks.  The  underside  of  one 
edge  of  each  plank  used  in  Type  A  crossings  shall  be  shaped  to  allow  for  the  necessary 

clearance   "  In  the  first  line  on  page  9-1-7  insert  "to  3"  after  the  figure  2^4. 

In  the  last  sentence  of  the  last  (fifth)  paragraph,  insert  "to  3"  after  the  figure  2^. 

Art.  7.  Anchorage:  Strike  out  the  third  sentence  and  the  first  part  of  the  fourth 
sentence  up  to  but  not  including  the  word  "only"  and  insert  the  following  "Drive 
spikes,  lag  screws  or  twist  dowels  shall  be  ■%  in.  in  diameter  and  shall  have  a  holding 
length  of  at  least  5  in.  in  the  tie."  Capitalize  the  letter  "O"  in  the  word  "Only"  as  the 
start  of  the  new  fourth  sentence.  In  the  last  sentence  strike  out  "%  in  less  than  the 
size  of  the  dowel"  and  replace  with  "which  will  assure  full  holding  power  of  the 
dowel." 

Art.  8.  Installation:  Add  to  the  end  of  the  third  sentence  "which  space  shall  be 
sealed  with  a  mastic  material."  Strike  out  the  last  word  of  the  paragraph,  "off." 

Pages  9-1-8  and  9-1-9 

SPECIFICATIONS   FOR   THE   CONSTRUCTION   OF   PRE- 
FABRICATED   SECTIONAL   TREATED    TIMBER 
CROSSINGS 

Reapprove  with  the  following  revisions: 

Art.  1.  Scope:  In  the  first  sentence  of  the  first  paragraph,  add  an  "s"  to  the  word 
"crossing". 

In  the  second  paragraph  add  the  words  "size  of  flangeways."  after  the  words  "to 
determine  the  size  of  crossing,". 

Art.  5.  Fabrication:  At  the  start  of  the  tenth  line  in  the  first  paragraph  strike  out 
"at   least  4"  and  insert  "8". 

Art.  8.  Installation:  In  the  sixth  sentence  strike  out  the  word  "four"  which  precedes 
"m -in  diameter  lag  screws"  and  add  to  the  end  of  the  sentence  "long  enough  to  have 
a  holding  length  of  at  least  5  in.  in  the  ties." 

Pages  9-1-10  and  9-1-11 

SPECIFICATIONS   FOR   THE    CONSTRUCTION   OF    PRECAST 
CONCRETE  SLAB  CROSSINGS 

Delete  the  entire  specifications. 
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Pages  9-1-12  and  9-1-14,  incl. 

SPECIFICATIONS   FOR   THE    CONSTRUCTION    OF    MONOLITHIC 
CONCRETE  CROSSINGS 

Delete  the  entire  specifications. 

Pages  9-1-15   and  9-1-16 

SPECIFICATIONS    FOR    THE    CONSTRUCTION    OF    TRACKS 
IN  A  PAVED  AREA 

Reapprove  with  the  following  revisions: 

Strike  out  the  words  in  parentheses  above  Art.  1  "(For  Highway-Railway  Grade 
Crossings,  see  appropriate  specifications  Part   1,  this  Chapter)". 

Art.  1.  Scope:  Strike  out  the  words  "necessary  to"  and  insert  the  word  "for",  and 
add  to  this  sentence  "at  locations  where  it  is  necessary  that  the  track  structure  be  an 
integral  part  of  the  pavement." 

Add  a  second  paragraph  to  read  "See  General  Specifications  for  Highway  Grade 
Crossings  over  Railroad  Tracks,  Part  1,  this  Chapter,  for  the  size  of  flangeways  and 
the  preparation  of  track  structure. 

Art.  2.  Use:  Strike  out  the  word  "or"  alter  the  words  "main-line  tracks"  and  add 
to  the  sentence  "or  where  unstable  subsoil  conditions  exist." 

Art.  3.  Special  Track  Construction:  In  the  last  sentence  of  the  second  paragraph, 
add  the  words  "metal  or"  before  the  last  two  words  "approved  hardwoods." 

Art.  4.  Design:  In  the  last  sentence  of  the  first  paragraph  strike  out  the  last  11 
words,  "space  next  to  the  ball  of  the  rail  described  as  follows:"  and  substitute  "flange- 
ways  and  the  outside  of  the  rails  where  there  shall  be  a  bevel  of  *4  m-  in  depth  and 
3  in.  in  width  at  the  top  of  the  rails."  Strike  out  the  entire  second  paragraph. 

On  the  sketch,  "Cross  Section  of  a  Track  in  a  Paved  Area",  page  9-1-16,  strike  out 
the  note  on  the  flangeway  "2l/2"  wide  to  base  of  ball  of  rail"  and  substitute  the  word 
"Flangeway". 

Page  9-2-1 

RECOMMENDED    USE    OF    HIGHWAY-RAILWAY    GRADE 
CROSSING  SIGNS 

Reapprove  with  the  following  revisions: 

In  the  lefthand  column — Crossing  Situation:  Number  the  various  crossing  situa- 
tions listed  from  1  through  6.  In  crossing  situation  3,  strike  out  the  words  "but  where 
space  is  not  available  for  6-ft  50-deg  sign. 

In  the  center  column — Sign  Recommended:  Insert  the  words  "or  metal"  after  the 
words  "Painted  wood"  in  the  paragraph  for  the  sign  recommended  for  crossing  situation 
No.  1. 

Page  9-2-2 

Fig.    1 — Highway   Crossing   Sign,   Painted,   6-Ft,   50-Deg   Type 

Reapprove  with  the  following  revision: 

Strike   out  the  note  reading  "Paint   post   white  or  aluminum,  if   practicable." 
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Page  9-2-3 

Fig.  2 — Highway  Crossing   Sign,   Reflector,   6-Ft,   50-Deg   Type 

Reapprove  with  the  following  revisions: 

Strike  out  the  note  reading  "Paint  post  white  or  aluminum." 

Strike  out  the  second  sentence  of  the  next  to  last  note  and  add  to  the  first  sentence 
the  words  "but  other  types  of  posts  may  be  used." 

Strike  out  the  side  view  sketch  of  the  crossing  sign. 

Page  9-2-4 

Fig.   3 — Highway  Crossing   Sign,  4-Ft,  90-Deg  Type 
Reapprove  with  the  following  revision: 
Strike  out  the  note  reading  "Paint  post  white  or  aluminum,  if  practicable." 


Report  on  Assignment  3 

Merits  of  Various   Types  of  High  way-Rail  way- 
Grade   Crossing   Protection 

Collaborating    with    Signal    Section    AAR 

J.  A.  Jorlett  (chairman,  subcommittee),  W.  S.  Autrev,  G.  B.  Blatt,  A.  C.  Cayou,  M.  H. 
Corbvn,  R.  Dejaiffe.  E.  R.  Englert,  Wm.  J.  Hedl'ev,  J.  A.  Holmes,  J.  E.  K.  Krylow, 
R.  W.  Mauer,  H.  L.  Michael,  R.  F.  Spars. 

Last  year  your  committee  presented  a  progress  report  on  the  study  that  was  being 
undertaken  to  determine  a  prediction  equation  that  would  produce  reliable  risk  factors 
for  highway-railway  grade  crossings  according  to  the  physical  characteristics  of  the 
crossings  and  the  type  of  protection,  and  would  show  the  effect  of  up-graded  protection 
on  the  accident  rate.  The  grade  crossing  accident  records  of  14  railroads  in  the  State 
of  Ohio  for  the  10-year  period  from  1948  to  1958  were  obtained,  along  with  the  physical 
characteristics  of  the  crossings,  which  were  furnished  by  the  Department  of  Highways 
of  the  State  of  Ohio. 

This  study  is  continuing  under  the  direction  of  the  Armour  Research  Found-ition 
of  the  Illinois  Institute  of  Technology  with  funds  provided  through  the  Research  De- 
partment of  the  Association  of  American  Railroads.  The  work  by  the  foundation  con- 
sists of  data  processing,  including  editing,  sorting  and  statistical  analysis,  programming 
statistical  computer  routines  for  use  with  the  project  data;  routines  for  testing  statis 
tical  independence;  and  regression  routines,  The  regression  routines  wen-  developed  for 
Use   with   a  Univac   1105   computer. 

Initially  10,850  crossings  were  included,  but  these  as  well  as  the  Dumber  of  railroads 
have  been  reduced  for  various  reasons.  The  distribution  relative  to  the  various  railroad 
companies  of  crossing  accidents,  persons  injured  and  killed  in  accidents  from  January  1. 
1049,  to  December  31,   1958,  is  given  in  the  following  tabulation 
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A  change  of  the  categories  of  protection  types  were  made  in  June  1960,  each  cate- 
gory being  determined  by  the  most  effective  type  of  protection  on  a  given  crossing.  This 
was  done  to  reduce  the  number  of  categories.  The  regrouping  gave  the  following  result: 


Type  of  Protection 


None 

Painted  crossbucks 

Reflectorized  crossbucks 

Automatic  bell 

Wigwag 

Stationary  lights 

Flashing  lights 

Watchman 

Manual  gates 

Automatic  gates 

Total 


Number  of  Crossings 


Protection 
Typt 

Unchanged* 


97 

4937 

468 

50 

81 

2 

1514 

95 

41 

130 


7415 


Protection 

Tap, 
t  'htutgi  d* 


4 
129 


343 


97 

4941 

473 

52 

81 

4 

1709 

97 

45 

259 


7758 


♦Period  Jan.  1,  1949,  to  Dec.  31,  1958. 
**As  of  Dec.  31,  1958. 


At  the  time  of  this  report  investigations  had  begun  of  the  effect  of  (1)  visibility, 
(2)  angle  between  highway  and  tracks,  and  (3)  grade  of  highway  on  crossing  accidents. 
This  study  and  the  results  obtained  from  the  analysis  of  data  set  up  to  date  will  serve 
to  establish  degrees  of  association  between  the  various  factors  involved.  The  factors 
most  strongly  correlated  with  accident  rates  will  then  be  selected  for  inclusion  in  the 
regression  analysis.  It  is  expected  that  the  work  can  be  brought  to  a  successful  con- 
clusion bv  the  end  of  1060. 
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Report  on  Assignment  4 

Relative   Effective   Visibility   of   Highway-Railway    Crossbuck 
Signs  of  Various  Sizes,  Colors  and  Materials 

T.  M.  Vanderstempel  (chairman,  subcommittee),  W.  A.  Buckmaster,  A.  C.  Cavou,  F.  C. 
Cunningham,  P.  J.  Harnish,  C.  I.  Hartsell,  Wm.  J.  Hedley,  W.  H.  Huffman,  J.  E.  K. 
Krylow,  R.  L.  Lemon,  R.  W.  Mauer,  H.  L.  Michael,  E.  S.  Miller,  R.  E.  Skinner. 
J.  E.  Spangler. 

The  weathering  tests  of  crossbuck  finishes  described  briefly  in  last  year's  report 
(Proceedings,  Vol.  61,  page  272)  have  been  concluded.  The  two  crossbuck  finishes  se- 
lected to  undergo  the  weathering  tests  brought  out  the  fact  that  the  reflex  reflective 
material  known  as  "enclosed  lens  reflective  sheeting"  is  superior  to  other  finishes  ob- 
served by  your  committee.  Accordingly,  your  committee  recommends  adoption  of  the 
following  Manual  revisions: 

Page  9-2-1 

RECOMMENDED    USE    OF    HIGHWAY-RAILWAY    GRADE 
CROSSING  SIGNALS 

In  the  center  column  of  the  table,  under  Sign  Recommended,  in  the  second,  fourth, 
fifth,  and  sixth  crossing  situations,  delete  the  sentence  reading  "Reflecting  medium  may 
be  reflector  buttons  or  reflex-reflecting  material",  substituting  therefor  the  following 
sentence  "Reflecting  medium  may  be  enclosed  lens  reflective  sheeting  or  reflector 
buttons." 


This  is  a  final  report,  and  your  committee  recommends  that  the  subject  be  discon- 
tinued. 

The  following  article  was  written  for  the  Traffic  Quarterly  by  Subcommittee  Chair- 
man T.  M.  Vanderstempel  and  is  presented  here  as  information. 

Protection  at   Railroad   Grade   Crossings  by   Crossbucks 
By  Theodore   M.  Vanderstempel 

The  most  commonly  used  indication  to  the  motoring  public  that  they  are  about  to 
cross  a  railroad  right-of-way  is  the  "crossbuck",  the  familiar  X-shapcd  warning  sign 
reading  "Railroad  Crossing."  Methods  for  obtaining  maximum  visibility  of  these  signs 
are  essential  to  their  effective  use  and  have  been  a  subject  of  concern  to  railroads  for 
many   years. 

Since  the  first  advent  of  tin-  "iron  horse",  countless  improvements  have  been  made 

in  railroad  equipment  and  allied  branches  of  transportation.  For  example,  the  Signal 
and  communication  systems  of  the  railroads  all  over  the  country  hive  made  possible 
far-reachinu  improvements  in  the  safe  operation  of  fast  transcontinental  trains.  Such 
systems  are  essentially  advance  warnings  to  the  engincman  that  he  can  maintain  the 
speed  of  his  train,  slow  down,  or  must  come  to  a  complete  Stop.  The  vital  communica- 
tion link  guarantees  the  safety  of  the  lives  of  passengers  entrusted  to  his  care  and  vig- 
ilance. With  the  tremendous  increase  in  highway  traffic  and  the  resulting  necessity  ol 
crossing   railroad   tracks,   it   became   evident   that   some   system   of   advance   warning   to 
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motorists  about  to  cross  a  railroad  was  a  prerequisite  to  safe  highway  travel,  as  well  as 
to  over-the-road  freight  movements. 

In  order  to  safeguard  the  lives  and  property  of  motorists  at  grade  crossings  in  the 
more  congested  areas,  the  railroads  have  installed  bells,  flashing  lights  and  crcssbucks, 
the  latter  mounted  on  top  of  the  signals  aforementioned,  and  in  some  cases,  gates.  This 
not  only  protects  the  highway  user  about  to  negotiate  the  grade  crossing,  but  also  the 
railroad  equipment,  since  many  cases  are  on  record  where  a  collision  with  trucks  or 
even  passenger  cars  derailed  a  train.  In  many  cases,  however,  little  has  been  done  to 
safeguard  grade  crossings  in  the  less  populated  areas  or  country  roads.  Except  for  the 
installation  of  crossbucks  on  either  side  of  the  track  on  the  approach  side  of  the  high- 
way, and  12  ft  removed  from  the  center  line  of  the  nearest  track,  often  no  warning  to 
the  motoring  public  exists  on  those  secondary  roads,  particularly  at  night.  In  the  major- 
ity of  cases,  these  crossbucks  are  finished  with  ordinary  white  paint  background  and 
black  lettering.  Their  placement  relative  to  the  edge  of  the  pavement  or  roadway  is 
determined  by  the  location  and  nature  of  any  visual  obstructions.  In  all  cases  it  should 
be  far  enough  removed  from  the  edge  of  the  roadway  to  render  satisfactory  clearance 
to   passing  vehicles. 

Although  the  height  of  the  crossbucks  has  been  established  as  10  ft  6  in  from  its 
center  to  ground  level,  no  account  has  been  taken  of  the  fact  that  the  height  of  the 
lights  on  motor  vehicles  above  the  ground  has  been  lowered  and  that  illumination  above 
the  horizontal  has  been  reduced  in  modern  automobile  headlamps.  Also,  the  necessity 
for  motorists  to  switch  to  lower  beams  in  order  to  avoid  blinding  oncoming  drivers — 
now  sometimes  done  automatically — often  results  in  inability  to  observe  the  presence 
of   a   crossbuck. 

In  order  to  overcome  this  obstacle  to  consistent  day  and  night  visibility  of  the 
crossbuck,  the  revised  manuals  of  the  U.  S.  Bureau  of  Public  Roads,  as  well  as  most 
of  the  state  manuals  for  highway  signs  and  signals,  now  encourage  the  use  of  reflex- 
reflective  materials  on  the  crossbucks  instead  of  conventional  paints.  This  type  of  finish 
will  pick  up  headlamp  beams  and  send  them  back  to  the  oncoming  motorist,  thus  warn- 
ing him  of  the  impending  grade  crossing,  a  characteristic  which  is  lacking  in  ordinary 
paint. 

To  evaluate  thoroughly  the  characteristics  of  reflective  crossbuck  finishes,  represen- 
tative samples  were  obtained  from  manufacturers  of  these  materials,  including  reflective 
sheeting,  beads-on-paint,  prismatic  reflector  button  and  glass  button  varieties.  These 
were  mounted  along  roads  in  the  General  Motors  Proving  Ground,  the  management 
of  which  wholeheartedly  gave  its  permission  to  make  some  of  the  tests  there.  Both  the 
50-deg  72-in  and  the  90-deg  48-in  crossbucks  were  used  to  assure  complete  testing  of 
the  two  designs  in  common  use.  The  test  crossbucks  were  installed  during  the  latter  part 
of  1958  and  remained  on  the  proving  ground  until  the  spring  of  1959.  They  were  ex- 
posed to  all  kinds  of  weather,  including  heavy  snow  and  frost.  Observations  were  made 
during  daylight  as  well  as  during  the  hours  of  darkness.  At  the  conclusion  of  these  tests, 
the  crossbucks  with  the  finishes  that  provided  the  best  results  were  subjected  to  a  "rain" 
test  to  further  establish  their  reliability. 

The  committee  judging  these  signs  was  composed  of  railroad  maintenance  of  way 
engineers,  communication  and  signal  engineers,  division  engineers,  one  public  service  en- 
gineer and  two  traffic  engineers  of  the  Michigan  State  Highway  Department.  Due  to  the 
fact  that  the  author  knew  the  suppliers  of  the  various  materials  tested,  he  did  not  take 
part  in  the  judging.  The  railroad  engineer  members  of  the  committee  were  all  members 
of  Subcommittee  4  of  Committee  9 — Highways,  charged  with  the  improvement  of  high- 
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way  grade  crossing  protection  for  the  American  Railway  Engineering  Association,  spon- 
sor of  the  tests.  Frcm  these  tests  two  reflective  materials  proved  most  satisfactory  and 
were  subjected  to  further  tests  in  a  highly  industralized  area  where  smoke  and  soot  would 
settle  and,  if  adhering  or  reacting  with  them,  would  obscure  the  visibility  of  the  signs. 

These  tests  have  now  been  concluded,  and  it  is  felt  that  the  merits  of  the  two  out- 
standing materials  of  the  six  tested  should  be  discussed  in  additional  detail  to  present 
data   supporting   abandonment    of    painted    finishes   for   crossbucks   in    favor    of    reflex 
reflective  finishes  with  improved  night  visibility   properties. 

The  one  reflex-reflective  material  which  had  all  the  desirable  characteristics  is  en- 
closed lens  reflective  sheeting,  so  identified  as  to  distinguish  it  from  exposed  lens  sys- 
tems such  as  exposed  lens  sheeting  or  beads-on-paint.  During  the  latest  tests  the  en- 
closed lens  reflective  sheeting  stood  up  best,  and  after  nine  months  of  severe  exposure 
to  the  worst  weather  conditions,  saturated  with  soot,  ashes  and  other  deposits,  it  could 
be  cleaned  with  a  damp  cloth  without  detergent.  The  other  finish  retained  dirt  more 
stubbornly  and  could  not  be  cleaned  without  considerable  scrubbing  of  the  surface, 
thereby  nullifying  its  value. 

It  may  be  well  to  discuss  briefly  the  optical  characteristics  of  the  material  used.  The 
tabulation  below  gives  the  various  brightness  values  of  silver-white,  enclosed  lens,  wide 
angle  reflective  sheeting.  It  is  presented  in  terms  of  candlepower  per  incident  foot  candle 
at   V:   deu:  divergence  at  various  angles  of  incidence.1 

Incidence  Angle3 
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One  of  the  most  impressive  characteristics  of  the  brightness  of  enclosed  lens,  flexible 
reflective  sheeting  is  the  fact  that  laboratory  tests  proved  that  when  totally  wet,  the 
reflective  values  were  not  less  than  80  percent  of  the  dry  brightness  values.  These  facts 
were  born  out  by  the  rain  test  given  the  various  materials  in  the  open  when  a  high 
density  rain  screen  was  produced  in  the  field. 

The  optical  and  physical  characteristics  of  reflective  materials  give  rise  to  classifica- 
tions of  reflex-reflective  systems  as  follows: 

1.  Exposed  Lens  System 

These  materials  have  the  optical  elements  which  focus  the  light  exposed  on  the  front 
surface. 

a.  Sheeting 

See  sketch  below. 
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h.  Beads-on-Pami 

This  system  is  somewhat  similar  to  the  exposed  lens  system  sheeting  sh<  un  above, 
but  is  made  by  sprinkling  glass  beads  on  the  freshly  painted  sign  surfaces 

1  Signal    Section    specification    255-51,    Part   27(>.   Associatl i     Imerican    Railroads. 

■Incidence  Angle    The  angle  formed  by  a  light  beam  >.trikinK  a  sign  surface  and  tin    perpendiculai 
to  the  sign   surface  at    thai   same  point. 

Divergence   Angle     The   angli    formed   by   a   li«lit   beam   -trikim;  a   sign   surface   and   the  reflected 
beam    from   the   same  point, 
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The  performance  of  this  type  of  reflector  depends  on  its  ability  to  retain  its  designed 
optical  focus.  Rain  flooding  the  exposed  lens  surface  alters  the  focus,  resulting  in  a 
severe  reflection  loss.  The  minute  crevices  in  the  surface  of  the  material  hold  dirt, 
causing  severe  cleaning  problems. 

2.  Enclosed  Lens  Optical  Systems 

These  materials  are  designed  to  be  in  focus  with  a  smooth  outer  surface  exposed. 

a.  Sheeting 

See  sketch  below. 
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b.  Prismatic  Reflector  Buttons 

Buttons  containing  cube  corner  planes  molded  within  are  also  enclosed  and  have 
been  used  as  automobile  reflectors  and  for  signs  by  insertion  in  the  letter  area.  In  this 
system,  the  optical  units  are  protected  by  a  flat  outer  surface.  The  internal  optical  units 
are  designed  to  be  in  focus  with  a  flat  surface,  and  the  heaviest  rain  does  not  alter 
the  focus  or  appreciably  change  its  efficiency.  Because  a  flat  surface  is  employed,  dirt 
does  not  readily  collect  and  cleaning  is  simple. 


3.  Comparison  of  Finishes 

To  illustrate  the  reflective  characteristics  of  the  most  desirable  crossbuck  material, 
a  comparison  with  other  general  kinds  of  sign  finishes  is  revealing  and  shows  why 
enclosed  lens  reflective  sheeting  is  a  far  superior  finish  for  crossbucks. 

Diffuse  Reflectors:  The  type  of  finish  often  used  is  of  the  diffuse  type.  Dark  objects, 
such  as  roads,  runways,  trees  and  stones,  absorb  most  of  the  light  striking  them.  Light 
objects,  such  as  white  painted  signs,  reflect  nearly  all  the  light  striking  them  but  in  so 
doing  scatter  it  over  a  wide  area  so  that  little  light  is  reflected  in  any  one  direction. 
The  scattered  or  diffusely  reflected  light  is  of  little  use  to  the  driver  of  car  A  shown 
in   Fig.    1 . 

Diffuse  Reflector 

p    _» Reflected  Rays 


'  T-    - 


Direct   Rays 

Fig.  1. 
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The  Metallic  ar  Mirror  Reflector:  The  metallic  reflector,  instead  of  scattering  the 

light  as  shown  in  Fig.  1,  reflects  it  only  in  one  direction,  and  this  is  never  hack  towards 
the  driver  in  car  B  (Fig.  2)  unless  the  mirror  is  focused  exactly  right.  Therefore,  this 
type  of  reflector  is  also  of  little  or  no  use  to  the  driver  in  car  B. 


Metallic   Reflector 


Reflected  Rays 
Perpendicular  to  Reflector 
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Direct  Rays 

Fig.  2. 
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Reflex-Reflective  Sheeting:  This  material  is  similar  to  the  metallic  reflector  in  that 
it  reflects  nearly  all  the  light  in  one  direction.  However,  it  is  a  useful  reflector  for  signs, 
because  it  has  the  distinct  advantage  of  reflecting  the  light  back  to  its  source,  which 
happens  to  be  the  driver  in  car  C  in  Fig.  3.  The  light  is  not  scattered  as  in  Fig.  1  but  is 
returned  towards  the  source  in  a  narrow  cone.  This  type  of  reflector  occurs  in  nature 
only  in  the  eyes  of  some  nocturnal  animals,  a  phenomenon  motorists  have  witnessed 
many  times.  The  reflective  sheeting  reflects  light  in  this  fashion,  with  the  result  that  it 
appears  125  times  brighter  than  the  best  white  paint,  described  in  Fig.  1,  when  observed 

Reflex  Reflector 


Reflected  Rayc 


Direct  Rays 
Fig 


under  the  same  condition  of  illumination.  To  describe  how  well  a  certain  reflex— reflectoi 
works,  several  factors  have  to   be  taken  into  consideration. 

Brightness:    This  is   the   term   which   describes   the   amount   of   light,   per   unit    area 
returning   from   a   reflex-reflector.  Thi>   brightness  can   be  expressed   as: 

a.  Directional  Reflectance :  This  is  the  number  of  times  brighter  a  given  reflector 
appears  than  a  perfect  white  surface  of  the  same  size  and  shape  when  viewed 
under  the  same  conditions  of  illumination.  A  perfect  white  surface  is  both 
perfectly  reflecting  and  perfectly  diffusing  and  is  approximated  by  a  good 
flat  white  paint. 
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b.  Candle  power  Brightness:  This  is  the  candlepower  reflected  per  incident  foot 
candle  for  each  square  foot  of  s  mple.  The  candlepower  From  the  sample  is 
measured  at  the  receiver.  The  foot  candles  from  the  light  source  are  measured 
at  the  sample  and  perpendicular  to  the  light  beam.  This  measurement  system 
is  used  by  the  Society  of  Automotive  Engineers  for  the  measurement  of  the 
efficiency  of  reflex-reflectors.  The  figures  given  in  the  preceding  table  are 
derived  by  this  method. 

c.  As  percentage  of  light  reflected  ci  mpared  to  a  specified  standard  reflector  as 
100  percent. 

Angle  of  Incidence:  When  a  reflector  is  so  located  that  the  direct  light  rays  from 
the  light  source  strike  it  at  other  than  the  perpendicular,  the  angle  between  the  direct 
rays  and  the  perpendicular  to  the  face  of  the  sign  is  called  the  angle  of  incidence  (see 
Fig.  4). 

Sign  Anjjie   oi  Incidence 

, Perpendicular 
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to  Sign 
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Fig.   4. 


Angle  of  Divergence:  The  angle  between  the  path  of  the  direct  light  rays  and  the 
path  of  the  light  rays  reflected  to  the  observer  in  the  car  in  Fig.  5  is  called  the  angle 
of  divergence.  This  definition  should  be  mentioned  here  because  for  all  practical  condi- 
tions the  observer  is  never  directly  behind  the  light  source,  the  lights  of  the  automobile. 
For  subsequent  discussion  it  is  desirable  to  express  this  factor  as  an  angle  rather  than 
a  distance. 


Sign 

Angles  of  Divergence 


Fig.  5. 


To  further  explain  the  relation  of  the  position  of  the  driver  and  the  sign,  the 
distance  between  the  two  changing  constantly,  Fig.  6  is  presented. 

When  the  car  is  in  position  I  the  incident  rays  from  the  headlights  (1)  strike  the 
sign  (crossbuck)  and  are  reflected  back  along  path  (2)  to  the  driver's  eyes.  The  angle 
between  rays  (1)  and  (2)  is  the  divergence  angle  (di)  for  this  position.  The  angle 
between  the  incident  ray  (1)  and  the  perpendicular  to  the  sign  is  the  incident  angle  (ii). 
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Fig.   6. 


When  the  car  is  in  position  II,  closer  to  the  sign,  it  will  be  noted  that  the  angle 
of  divergence  (d2)  between  the  incident  ray  (3)  and  the  reflected  ray  (4)  is  greater 
than  (di)  and  also  that  the  angle  of  incidence  (i2)  between  the  incident  ray  (3)  and 
the  perpendicular  to  the  sign  is  greater  than  (ii). 

Since  the  distance  between  the  driver's  eyes  and  the  car's  headlights  is  constant, 
the  closer  he  gets  to  the  sign  the  greater  will  be  the  angle  of  divergence.  For  the  driver 
of  the  average  passenger  autcmobile  the  angle  of  divergence  at  a  distance  of  600  ft  from 
a  sign  is  0.3  deg,  at  300  ft  it  is  0.5  deg,  at  100  ft  it  is  1.7  deg  and  at  50  ft  it  is  2.5  deg. 

It  is  evident  that  for  good  visibility  at  night  it  is  essential  that  the  reflected  light 
rays  from  the  headlights  of  an  automobile  be  directed  back  to  the  source  in  a  narrow 
cone  to  the  driver's  eyes.  In  the  most  satisfactory  reflective  systems,  the  divergence  cone 
is  designed  to  be  most  intense  at  narrow  divergence  angles,  and  the  total  divergence 
angle  is  limited  to  approximately  3  deg.  This  characteristic  cannot  be  obtained  with  con- 
ventional paints  applied  to  crossbucks.  The  reflective  sheeting  made  by  well  known 
manufacturers  incorporates  the  above  characteristics.  Specification  of  such  material  in 
sign  standards  should  prevent  many  railroad  grade  crossing  accidents  caused  by  insuffi- 
cient visibility  or  warning  to  the  motorist. 


Report  on  Assignment   5 

Recommended  Method  of  Developing  Annual  Maintenance  Cost 

of  the  Various  Types  of  Highway-Railway  Grade 

Crossing  Protection 

Collaborating  with  Signal  Section,  AAR 

F,  ('.  Cunningham  (chairman,  subcommittee),  G.  B.  Blatt,  M.  H.  Corbvn,  \V.  R.  Dunn. 
Jr..  T.  I..  Gibson,  ('.  1.  Hartsell,  J.  A.  Holmes,  J.  A.  forlett,  J.  E.  K.  Krylow, 
P.  H.  Slack,  K    E.  Smith    R    F.  Spar-.  C.  \V   Traister,  Raymond  Westcotl 


Your  committee  submit.-  the  following  brief  progress  report  as  informatii  n 

Extensive  information  has  been  assembled  covering  the  present  experience  "i  various 
railroads  in  determining  maintenance  costs  of  individual  grade  crossing  protection  facil- 
ities,  as  well  as   the  present   practice  of   the  different   states  as  to   participating   in   con- 
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-miction  and  maintenance  costs  of  these  iacilities.  Your  committee  is  now  collaborating 
with  Signal  Section,  AAR,  which  is  progressing  a  concurrent  study  of  this  subject,  tol- 
lowing  which  your  committee  expects  to  submit  a   report. 


Report  on  Assignment  6 

Methods  of  Providing  Additional  Advance  Warning  to  Highway 
Traffic  Approaching  a  Highway-Railway   Grade   Crossing 

Raymond  Dejaiffe  (chairman,  subcommittee),  W.  S.  Autrey,  G.  B.  Blatt,  W.  A.  Buck- 
master,  F.  C.  Cunningham,  C.  I.  Hartsell,  J.  A.  Holmes,  H.  L.  Michael,  E.  S.  Miller, 
R.  J.  Pierce,  W.  C.  Pinschmidt,  R.  E.  Skinner,  J.  E.  Spangler,  T.  M.  Vanderstempel. 

This  is  a  progress  report,  submitted  as  information. 

The  Manual  on  Uniform  Traffic  Control  Devices  published  by  the  Department  of 
Commerce,  Bureau  of  Public  Roads,  and  used  as  a  guide  by  most  states  and  local  gov- 
ernment agencies,  requires  the  use  of  railroad  advance  warning  sign  in  advance  of  a 
highway-railway  grade  crossing.  The  required  signs  are  reflectorized  30-in  yellow  disks 
carrying  a  90-deg  crossbuck  and  the  letters  RR  in  black.  The  signs  are  required  at  all 
public  crossings  regardless  of  type  of  protection  used  at  the  railroad,  except  at  minor 
sidings  or  spurs  where  a  member  of  train  crew  guards  the  crossing  and  in  large  cities 
where  the  crossings  are  fully  protected,  and  effective  display  of  signs  is  impossible.  In 
rural  areas,  the  signs  should  be  located  from  300  to  500  ft  in  advance  of  the  crossing; 
however,  in  congested  areas  where  low  speeds  are  prevalent,  the  signs  may  be  placed  a 
minimum  of  100  ft  from  the  crossing. 

The  same  manual  states  that  pavement  markings  consisting  of  a  cross,  the  letters 
RR,  a  no-passing  center  line,  and  certain  transverse  lines  shall  be  placed  on  all  paved 
approaches  to  railroad  crossings  except  at  minor  sidings  or  spurs  or  in  urban  areas  where 
other  protection  is  afforded.  It  also  states  that  these  pavement  markings  should  normally 
be  rerlectorized  and  should  be  only  auxiliary  to  the  standard  signs. 

The  use  of  special  or  distinctive  street  lights,  such  as  sodium  vapor  lights  at  special 
locations,  has  been  used  to  improve  advance  warning. 

The  State  of  Ohio  is  now  installing  special  signs  and  lights  at  selected  crossings 
which  they  consider  too  hazardous  for  crossbucks  and  not  hazardous  enough  to  justify 
regular  flashing-light  signal  installations.  These  are  rectangular  signs,  30  by  48  in,  fin- 
ished in  reflex-reflecting  material  with  white  figures  on  red  background.  There  is  a  right- 
angle  cross  in  the  center  of  the  sign  set  at  45  deg  from  the  vertical  to  represent  a 
crossbuck,  with  a  12-in  letter  R  on  both  sides  of  the  cross.  Above  and  below  the  sign 
are  continuous  alternating  flashing  yellow  lights.  The  entire  unit  is  mounted  on  a  4-in- 
diameter  pipe  post.  These  lights  are  not  connected  with  any  track  circuits  and,  therefore, 
flash  continuously   regardless  of  train  traffic. 

There  may  be  other  forms  of  additional  advance  warning  used  in  different  areas  of 
which  your  committee  is  not  aware.  It  would  appreciate  any  information  on  such 
installations. 

Historically,  the  installation  and  maintenance  of  advance  warning  devices  have  been 
the  responsibility  of  the  proper  governmental  unit  maintaining  the  road  surface  and, 
generally,  railroads  have  had  very  little  to  do  along  these  lines.  Your  committee  feels 
that  this  practice  should  continue.  The  Manual  of  Uniform  Traffic  Control  Devices  states 
that   railroad  advance   warning  signs  are   usually  off  the   railroad   right-of-way  and  are 
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properly  the  responsibility  of  the  highway  authorities.  It  might  improve  the  effective- 
ness of  these  signs  if  any  deficiencies  in  maintenance  or  standards  were  reported  to  the 
responsible  authorities  by  railroad  personnel. 

Your  committee  recommends  that  the  subject   be  continued. 


Report  on  Assignment  7 

Specifications  for  the  Construction  of  Pavement  Between  Tracks 

C.  I.  Hartsell  (chairman,  subcommittee),  W.  S.  Autrey,  H.  B.  Clarkson,  T.  L.  Gibson, 
J.  T.  Hoelzer,  J.  R.  Latimer,  E.  S.  Miller,  R.  E.  Nottingham,  P.  H.  Slack,  K.  E. 
Smith,  J.   E.  Spangler,   R.  F.  Spars,  C.  W.  Traister. 

The  problem  of  vertical  and  longitudinal  shifting  of  pavements  in  close  proximity 
to  highway-railway  grade  crossings  is  with  all  railways  in  varying  degrees.  The  southern 
railways  experience  expansion  and  contraction  of  pavements  due  to  temperature  changes, 
and  the  northern  railways  have  added  to  this  action,  the  heaving  of  both  tracks  and 
pavements  due  to  ice  and  frost  action  during  the  winter  months. 

Your  committee  has  developed  two  suggested  plans  of  pavement  construction  be- 
tween tracks  for  the  two  general  temperature  zones.  These  are  shown  on  Fig.  1.  (see 
page  3  74  I . 

This  is  a  final  report  submitted  as  information.  Your  committee  recommends  thit 
the  subject  be  discontinued. 
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Committee 


To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

The  material  in  the  current  Manual  is  of  such  character  that  revision,  as 
of  the  end  of  1960,  is  not  indicated.  New  Manual  material  is  presented  for 
adoption  under  Assignment   7. 

2.  Current  policies,  practices  and  developments  dealing  with  navigation  projects, 
collaborating  with  AAR  Committee  on  Waterway  Projects. 

There  have  been  no  specific  changes  during  the  current  year  in  the  practices 
or  policies  of  the  Corps  of  Engineers  in  the  handling  of  waterway  projects. 
This  committee's  work  under  this  assignment  has  been  expanded  during  the 
coming  year.  It  will  collate  and  edit  material  from  various  sources  for  re- 
printing in   the   Bulletin   for  the  information   of   the  Association   members. 

.^.  Bibliography    relating    to    benefits    and    cost-    of    inland    waterway    projects 
involving  navigation. 

Progress  report,  submitted    i-  information    page  376 

4.  The   use   of   hydraulic   models  for  the  study   and   resolution   of   waterwa) 
problems. 

Progrc--,   report,   submitted   as   information    page  380 

6.  Planning,  construction   and   maintenance  of   rail-water  transfer  facilities. 

The   committee   is   directing   its  efforts   to    the   study    of    rail-water   terminal 
facilities   for   roll-on,   roll-off.   lift-on,  lift-off,  and   conveyor-type  operations. 
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7.  Relative  merits  and  economies  of  construction  materials  used  in  waterfront 
facilities. 

Recommended  Practice  of  Conducting  Periodic  Inspection  and  Maintaining 
Progressive  Service  Performance  Records  of  Piling  Materials  Used  in  Water- 
front Facilities,  submitted  for  adoption  and  publication  in  the  Manujl   ....   page  383 

Report  on  Mechanical  Properties  of  Greenheart  and  Determination  of 
Recommended  Values  for  Marine  Design,  submitted  as  information    page  386 

Report  on  Energy  Design  Criteria  for  Fender  Piling  and  Relative  Merits  of 
Different   Materials,   submitted   as   information    page  394 

The  Committee  on  Waterways  and  Harkoks, 

J.  F.  Piper,  Chairman. 


ARKA  Bulletin  560,  November  1960. 

Report  on  Assignment  3 

Bibliography  Relating  to  Benefits  and  Costs  of  Inland  Waterway 
Projects    Involving   Navigation 

M.  A.  Michel  (chairman,  subcommittee),  G.  W.  Becker,  C.  M.  Bowman,  A.  F.  Crowder, 
B.  M.  Dornblatt,  W.  F.  Kimball,  R.  B.  Midkiff,  W.  J.  O'Connell,  M.  S.  Patterson. 

Your  committee  submits  the  following  report  of  progress,  which  presents  13  addi- 
tional references  with  annotations. 

1958 

1.  "Ouachita  River  Navigation  Project" — AAR  Special  Committee  Analysis,  dated 
June  27,  1958,  by  W.  B.  Throckmorton,  J.  M.  Lowry,  C.  J.  Binder,  W.  H.  Hobbs, 
subtitled:  "An  Analysis  of  the  Review  Report  of  The  Corps  of  Engineers,  V.  S.  Army, 
on  the  Ouachita  River,  Arkansas-Louisiana". 

The  analysis  points  out  falacious  assumptions  in  ammortization  of  Federal  funds, 
incorrect  determination  and  overstatement  of  benefits ;  improper  application  of  method 
used  in  evaluating  transportation  savings  and  the  fact  that  local  interests  will  not  pro- 
vide required  "rights-of-way,  easements  or  flowage  rights."  It  is  concluded  that  results 
developed  from  the  committee's  economic  analysis  indicate  a  0.20  to  1.0  benefit/cost 
ratio,  proving  the  project  economically  unjustifiable. 

1959 

2.  "Alabama-Coosa  River  System" — AAR  Special  Subcommittee  (Zone  14)  Analy- 
sis, dated  February  6,  1959,  by  P.  E.  Geil,  Chairman,  F.  A.  Cooper,  J.  C.  Kuebert, 
S.  R.  Goodman,  R.  B.  Midkiff,  subtitled:  "An  Analysis  of  the  Interim  Report  of  the 
Corps  of  Engineers,  U.  S.  Army,  on  the  Alabama-Coosa  River  System  Dated  July  1, 
1958". 

The  analysis  indicates  that  this  multi-purpose  project  was  authorized  by  Congress 
without  establishment  of  economic  justification  and  that  either  as  a  navigation  or 
multiple-purpose  project  the  derived  benefit/cost  ratio  is  less  than  unity. 

3.  "The  Economic  Prospects  of  Cross-Florida  Barge  Canal  Project",  subtitled:  "A 
Critique  of  the  Economic  Restudy  of  Cross-Florida  Barge  Canal  by  the  U.  S.  Corps  of 
Engineers,  dated  March  1959,  by  Charles  A.  Welsh,  director,  Graduate  Program  hi  Busi- 
ness Administration,  Rollins  College,  Winter  Park,  Fla. 
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This  is  an  excellent  treatise  on  the  economics  of  the  waterway,  quoting  many  eco- 
nomic authorities  on   such   principal   matters  as: 

(a)  Use  of  realistic  interest  rates; 

(b)  Use  of  realistic  method  of  evaluating  costs; 

(c)  Consideration  of  subsidies; 

(d)  Barge  benefits  not  passed  on  to  the  general  public; 

(e)  Diversion  of  traffic  from  other  carriers; 

(f)  User  charge; 

(g)  Determination  of  additional  transportation  requirement. 

4.  ''Economics  of  Recommended  Extension  of  Navigation  on  the  Columbia  River 
to  Rock  Island  Dam,  Wash.,  and  on  the  Snake  River  to  Lime  Point,  Idaho".  A  Brief 
Presented  at  Public  Hearing  Before  the  Board  of  Engineers  for  Rivers  and  Harbors  on 
Report  on  Water  Resource  Development  of  the  Columbia  River  Basin,  Washington, 
D.C.,  March  14,  1959.  Submitted  by  Special  Subcommittee  of  Zone  9,  Committee  on 
Waterway  Projects,  AAR,  P.  J.  Cullen,  George  B.  King,  L.  S.  Davis,  George  M.  Ehlen 
and  C.  W.  Evers. 

The  paper  points  out  that  the  transportation  study  by  the  Army  Engineers  is 
inadequate,  as  it  did  not  consider  the  effect  the  diversion  of  traffic  from  rail  to  barge 
would  have  upon  the  major  segment  of  the  economy  of  the  Pacific  Northwest  which 
could  not  use  river  transportation. 

Realistic  interest  rates  receive  considerable  attention  in  the  paper,  concluding  that: 
if  a  31/  percent  rate  were  used  for  the  cost  of  money  instead  of  2j4  percent, 
the  benefit/cost  ratio  for  the  project  would  be  reduced  from  1.11  to  0.91.  In  the  period 
of  the  Army  Engineers  report  (1°57)  the  interest  for  long  term  Government  Bonds 
averaged  3.4  percent. 

5.  "An  Economic  Analysis  of  the  Proposed  Public  Development  of  the  Alabama  and 
Coosa  Rivers",  August  1,  1959,  by  Cecil  B.  Haver,  University  of  Chicago  and  McGill 
University;  Larry  A.  Sjaastad,  University  of  Chicago;  Irving  Dubov,  Consulting  Econo- 
mist. Knoxville,  Tenn.,  copyrighted  1959,  Cecil  B.  Haver,  and  Assoc,  Chicago. 

This  analysis  was  prepared  by  a  noteworthy  group  of  economists  through  a  granl 
by  AAR  Zone  14  Committee  on  Waterway  Projects. 

While  the  Army  Engineers  found  the  overall  project  economically  feasible  at  a  bene- 
fit/cost ratio  of  1.03  to  1.00;  the  authors  found  the  benefit/cost  ratio  to  be  a  mere 
0.20  to  1.00,  pointing  out  in  summation  that:  "public  development  of  navigation  and 
power  on  each  and  every  stretch  of  the  Alabama  and  Coosa  Rivers  are  not  economically 
feasible  investments  lor  this  nation  to  develop  at  this  time". 

6.  "The  Economic  Effects  of  Ohio  River  Navigation",  by  Joseph  R.  Hartley, 
assistant  professor  of  transportation.  School  of  Business,  Indiana  University.  Blooming- 
ton,  Ind.—1959. 

The  study  was  made  possible  by  a  grant  from  the  Ohio  Valley  Improvement    \- 
ciation,  Inc..  supplemented  by  a  grant  from  the  School  of  Business,  Indiana   University. 

This  100-paue  study  weighs  the  favorable  aspects  of  the  Ohio  River  Navigation 
project,  attributing  the  river  as  the  spark  which  flamed  the  SI 3  billion  dollar  industrial 
growth  in  the  Ohio  Valley.  It  claims  th.it  the  transportation  savings  made  possible  bj 
water  carrier-  is  passed  on  to  the  shipper  and  the  consumer.  With  this  claim  as  a  lever, 
the  author  attempts  to  'brush  off"  the  Hoover  Commission's  recommendation  that  Con 
gress  legislate  a  "User  Charge"  where  local  or  "special"  interests  are  benefited  from 
river  navigation 
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The  study  is  treated  in  a  comprehensive  manner  and  gives  much  data  of  interest  in 
regard  to  the  Ohio  River  and  the  principal  types  of  industries  it  serves. 

7.  "Conservation  and  Use  of  Natural  Resources",  1959-60  Policy  Declarations — 
Chamber  of  Commerce  of  the  United  States — Washington  6,  D.  C. 

This  53-page  pamphlet  contains  two  provisions  under  the  caption  "Transportation" 
which,   if  legislated,   would  have  a  powerful  effect  on  navigation  economics: 

(a)  "User  Charges.  Whenever  practicable,  the  costs  of  building,  operating  and 
maintaining  any  domestic  transportation  facility  provided  by  the  government 
should  be  met  by  fair  and  equitable  charges  paid  by  those  benefiting  from 
such  facilities." 

(b)  "Reports  on  Waterway  Projects.  Congress  should  obtain  from  the  Interstate 
Commerce  Commission  its  recommendation  as  to  the  economic  justification 
of  proposed  navigational  improvements  to  be  used  primarily  for  domestic 
transportation.  The  Army  Engineers  should  be  confined  to  the  sphere  of  their 
qualifications  and  appropriate  responsibility,  first,  as  advisers  regarding  the 
cost  and  engineering  feasibility  of  such  projects  and,  second,  as  the  agency 
in  charge  of  the  construction,  maintenance  and  operation  of  authorized 
projects." 

8.  Autumn  1959 — "Law  and  Contemporary  Problems" ,  Transportation   (Part  1). 

A  symposium  containing  an  article  entitled:  "Policy  Issues  and  Economic  Effects  of 
Public  Aids  to  Domestic  Transport"  by  James  C.  Nelson — Published  by  Duke  University 
School  of  Law,  Durham,  North  Carolina;  Associate  Editor  Robinson  O.  Everett  in  a 
foreword  briefs  the  paper  as  follows: 

"Dr.  Nelson  takes  the  position  that  the  resources  available  for  transportation  in  the 
United  States  are  not  being  exploited  in  the  most  advantageous  way.  As  a  partial  cure, 
he  suggests  that  a  system  of  USER  CHARGES  (emphasis  added)  be  employed  to  place 
air,  motor  and  water  carriers  on  the  same  level  of  competition  with  the  railroads." 

9.  "An  Economic  Analysis  of  the  Navigation  Proposal  for  the  Arkansas  River  and 
its  Tributaries" ,  dated  December  1959,  by  Cecil  B.  Haver,  University  of  Chicago  and 
McGill  University ;  W.  B.  Back,  Oklahoma  State  University;  and  L.  A.  Sjaasted,  Univer- 
sity of  Chicago. 

"This  economic  analysis  of  the  proposed  federal  development  of  a  navigable  Arkansas 
Waterway  to  Catoosa,  Okla.,  was  made  possible  by  a  grant  by  the  Zone  12  Committee 
on  Waterway  Projects,  Association  of  American  Railroads." 

The  authors  point  out  that  the  benefit/cost  criterion,  commonly  used  in  appraising 
public  works  projects,  is  a  "necessary  but  insufficient  condition  for  project  approval." 
Such  a  criterion,  as  applied,  can  create  local  interest  in  a  project  which,  from  a  national 
standpoint,  should  not  be  undertaken. 

The  report  analyzes  in  detail  the  principal  tonnages  projected  by  the  Corps  of  Engi- 
neers as  applicable  to  barge  traffic  on  the  Arkansas  River;  the  Haver  group  tonnage 
estimate  is  about  IS  percent  of  that  evaluated  by  the  U.  S.  Engineers  (Army  Engineers 
13,221,171  N.T.  Haver,  et  al  1,936,024  N.T.)  The  authors  found  a  benefit/cost  ratio 
for  this  project  to  be  less  than  0.1  to  1.00  and  recommended,  in  conclusion:  "that  the 
Arkansas  project,  particularly  its  navigation  features,  be  deauthorized  until  such  time  as 
changes  in  economic  conditions  suggest  the  need  for  a  restudy,  as  there  is  no  evidence 
of  a   justified   navigation   development   for  this  stream." 
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Considering  the  probable  traffic,  as  determined  by  the  Haver  Group,  the  derived 
savings  would  not  be  sufficient  to  cover  operating  and  maintenance  charges  on  the 
Arkansas  project,  and  the  authors  state:  "even  if  it  were  to  be  constructed,  it  would  be 
in  the  best  interests  of  the  economy  to  leave  it  unused." 

10.  "Adequacy  of  Transportation  Systems  in  Support  of  the  National  Defense  Effort 
in  Event  of  Mobilization."  Hearings  before  a  Subcommittee  on  Armed  Services,  House 
of  Representatives,  86th  Cong.,  1st  Session — H.  Res.  19,  July  15-August  5,  1959.  Report 
of  Subcommittee  approved  October  10,  1959.  V.  S.  Government  Printing  Office. 
Washington,  D.  C. 

This  562-page  document,  although  not  initially  designed  to  deal  with  "Benefit  and 
Costs  of  Inland  Waterway  Projects,"  contains  some  revealing  statements  regarding  Water 
Transports  in  event  of  mobilization,  as  follows: 

The  Board  of  Engineers  for  Rivers  and  Harbors:  "The  restoration  of  a  lock  site 
destroyed  by  a  nuclear  weapon  would  possibly  require  the  design  and  construction  ol 
new  locks — as  a  guess  this  would  require  many  months,  probably  years." 

Braxton   B.   Carr,   President  American  Waterways  Operators,  Inc. 

The  special  Subcommittee  Report  contains  a  statement  of  considerable  merit  relative 
to  rail  transport,  viz.: 

"No  plans  for  transport  dependence  can  fail  to  take  into  account  the  railroad 
industry." 

"The  versatility  and  adaptability  of  rail  transport,  as  thoroughly  demonstrated  on 
a  world  wide  basis  under  all  kinds  of  conditions,  is  but  one  of  the  reasons  why  military 
logistical  planning  is  built  around  the  railroad  for  the  bulk  of  its  freight  and  passenger 
movements.  The  other  forms  of  transport,  important  as  they  are  to  the  total  need,  are 
auxiliary  and  supplemental  to  the  railroads." 

1  960 

//.  An  Economic  Analysis  of  the  Proposed  Construction  Program  on  the  Ouachita- 
Black  Rivers  Navigation  Report" — Prepared  January  4,  1960,  by  AAR  Zone  13,  Sub- 
committee, C.  J.  Binder,  chairman,  210  N.  13th  St.,  St.  Louis,  Mo. 

This  Report  is  "an  appraisal  showing  the  lack  of  economic  justification  for  further 
construction  of  the  Ouachita-BIack  Rivers  Navigation  Project  as  recommended  by  U.  S. 
Corps  of  Engineers  in  its  Review  Report  of  May  15,  1959,  as  revised  July  31,  1959." 

The  committee's  final  determination  is:  "that  the  Project  be  not  adopted,  but  placed 
in  the  category  of  projects  for  which  no  bona  fide  economic  justification  has  been  estab- 
lished"— based  on  the  following  principal  factors: 

(a)  The    project    has   never   generated    enough    traffic    throughout    the    32    years, 
1927-1958,  to  justify  even  the  present  annual  operating  and  maintenance  cost. 

(b)  Economic  justification   to  warrant  additional   Federal  expenditure  for  further 
improvement  has  not  been  established. 

Benefit/ cost  radio  attributable  to  the  proposed  project  (0.14  to  1.00),  is  in- 
sufficient to  support  a  recommended  expenditure  of  ,S43. 590.000  for  new 
construction. 


Note:  As  flood  and  navigation  hydrologisis  feel  that  problem-  of  navigation  and 
Bo  ds  are  intricately  woven,  and  benefits  of  flood  control  are  often  made  a  part  of  justi- 
fication  for  Navigation   Projects,  it   is   felt   that   certain   bibliography   in   this   regard   U 

pertinent 
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12.  1955 — "Floods"  by  William  G.  Hoyl  and  Walter  B.  Langbein,  Princeton  Uni- 
versity Press,  Princeton,  N.  J. 

A  46Q-page  volume  presenting  facts,  figures  and  fundamentals  dealing  with  flood 
problems  regarding  which,  under  our  present  flood  control  policy,  we  will  have  spent  an 
excess  of  $20  billion. 

On  page  164  the  authors  state:  "Since  the  problems  of  navigation  and  floods  on 
the  Mississippi  River  were  so  intricately  interwoven  it  was  but  natural  that  the  courts 
should  conclude  that  they  were  inseparable." 

On  page  178  the  authors,  dealing  with  "our  present  flood  control  policy,"  point  out 
that  as  a  consequence  of  the  federal  government  picking  up  the  "tabs"  for  flood  control, 
a  mechanism  has  been  created  which  leads  to  "maximum  demand  for  flood  protection 
and  minimum  attention  to  local  adjustments  of  flood  plain  usage." 

13.  "Changes  in  Urban  Occupance  of  Flood  Plains  in  the  United  States"  November 
1958,  Gilbert  F.  White,  et  al,  University  of  Chicago,  Department  of  Geography  Research 
Paper  No.  57. 

An  exploratory  study  made  possible  by  a  grant  from  Resources  fur  the  Future,  Inc. 

The  geographer's  point  out  that  our  flood  control  program  is  proving  ineffective  due 
primarily  to  local  pressures  to  occupy  the  flood  plains  as  rapidly  as  they  are  supposedly 
protected  by  flood  control  works,  or  even  without  such  protection.  As  a  result,  the  na- 
tion's flood  losses  are  rising  despite  all  the  billions  of  dollars  spent  on  flood  control  work. 
They  say  there  is  no  one  solution  save  flood  plain  zoning  and  recommend  the  following 
for  use  of  federal  agencies: 

1.  Inform  citizens  better  of  the  flood  hazards. 

2.  Provide  information  on  possible  flood  plain  adjustments. 

3.  Halt  further  encroachments  on  flood  plains  by  federal  projects. 

4.  Work   to   provide   bridge   and   highway   designs   that   won't   increase   the   flood 
hazards. 

5.  Work  closely  with  local  agencies,  such  as  zoning  boards,  in  relating  flood  pro- 
tection to  every  phase  of  local  development. 


Report  on  Assignment  4 

The  Use  of  Hydraulic  Models  for  the  Study  and  Resolution 
of  Waterway   Problems 

R.  J.   Clarke   (chairman,  subcommittee),  A.  F.  Crowder,  Oscar  Fischer,  H.  F.  Kimball, 
Shu-t'ien  Li,  F.  J.  Olsen,  A.  L.  Sams. 

Your  committee  submits  the  following  report  as  information. 

The  Pennsylvania  Railroad  recently  utilized  hydraulic  models  to  study  the  causes  of 
an  acute  silting  problem  in  the  40-ft-deep  slips  of  one  of  its  piers  in  the  tidal  waters  of 
the  Delaware  River.  Because  the  pier  was  a  very  active  one,  serving  deep-draft  vessels, 
maintenance  of  slip  depth  was  imperative.  Silt  deposit  in  the  slips  was  considerable,  and 
expensive  maintenance  dredging  was  frequently   required. 

The  Corps  of  Engineers,  U.  S.  Army,  have  at  their  Vicksburg,  Miss.,  Waterways 
Experiment  Station  a  hydraulic  model  reproducing  the  Delaware  River  estuary  and  its 
major  tributaries  from  upstream  at  Trenton,  N.  J.,  to  Capes  May  and  Henlopen  down- 
stream at  the  Atlantic  Ocean.  The  model  reproduces  the  geographical  characteristics 
of   the    river   and   also   all   the   piers,   bridges,   and   other   major   structures   appurtenant 
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thereto.  By  arrangement  with  the  district  engineer,  U.  S.  Army  at  Philadelphia,  Pa., 
this  model  was  made  available  to  the  PRR  for  study  of  its  silting  problem. 

The  model  was  constructed  to  linear  scale  ratios,  model  to  prototype,  of  1:1000 
horizontally  and  1:100  vertically.  These  scale  ratios  fix  the  following  relationships: 
velocity   1:10,  time  1:100,  discharge  1:1,000,000,  and  volume  1:100,000,000. 

The  bed  of  the  model  is  molded  of  concrete  to  the  most  recent  hydrographic  sur- 
veys and  is  equipped  with  all  necessary  appurtenances  to  reproduce  and  measure  all 
pertinent  phenomena  of  the  prototype.  The  model  has  been  in  use  several  years,  and 
results  obtained  from  model  studies  have  been  found  to  correlate  very  closely  with  the 
prototype,  achieving  accuracies  of  tidal  levels  of  0.1  ft  prototype  (0.001  ft  model)  and 
times  within  12  min  prototype  (7.2  sec  model).  The  normal  tidal  cycle  of  12  hr  25  min 
prototype  is  duplicated  on  the  model  in  approximately  7  min  45  sec. 

Initially,  the  current  action  around  the  pier  was  observed  by  immersing  streamers 
of  light  thread  at  various  depths  and  locations.  These  demonstrated  a  considerable  vari- 
ance in  current  velocities  and  directions  between  the  surface  of  the  water  and  the  bed 
of  the  stream  at  each  location  selected.  On  both  flood  and  ebb  tides,  surface  currents 
tended  to  move  past  the  slips,  but  subsurface  currents  moved  in  strong,  rather  high- 
velocity  eddies  about  the  pier  ends  and  part  way  into  the  slips,  eventually  losing  their 
velocity  as  they  carried  inshore  until  the  inshore  portions  of  the  slips  contained  practi- 
cally quiescent  water  throughout  their  depth  at  all  stages  of  the  tides.  The  incoming  or 
flood  tides  produced  more  severe  eddies  than  the  ebb  tides  and  appeared  to  be  the  major 
source  of  silting. 

More  comprehensive  visual  indications  of  currents  were  then  developed  by  placing 
coloring  dye  (potasium  permanganate  crystals)  in  the  stream  and  observing  the  effects. 
The  aforementioned  eddies  and  flows,  indicated  by  the  streamers,  were  readily  apparent. 
The  slips  rapidly  filled  with  colored  water  and  remained  filled  throughout  many  tidal 
cycles,  with  the  subsurface  currents  being  the  major  source  of  water  for  the  tidal  fluctua- 
tions in  the  slips,  the  surface  currents  in  and  out  of  the  slips  being  almost  negligible. 

Finally,  silting  tests  were  made  by  injecting  into  the  stream,  below  the  pier  on  ebb 
tides  and  upstream  on  flood  tides,  simulated  silt  consisting  of  carefully  graded  "gilsonite" 
particles  which  have  been  developed  by  the  Waterways  Experiment  Station  to  reproduce- 
effectively  in  the  model  the  silting  rates  and  distribution  in  the  prototype. 

This  test  conclusively  demonstrated  the  deposit  of  silt  in  the  slips  caused  by  sub- 
surface eddies,  with  most  of  the  silt  being  carried  on  flood  tides  from  the  downstream 
channel  and  shoal  areas,  with  lesser  silting  produced  on  ebb  tides  from  upstream  silt.  On 
ebb  tide,  the  subsurface  currents  are  deflected  by  shoal  areas  downstream  of  the  pier 
and  reverse  their  direction  to  flow  upstream  while  the  main  flow  of  the  river  and  the 
surface  currents  in  the  pier  area  are  flowing  downstream. 

These  tests  on  the  small-scale  model  at  the  Waterways  Experiment  Station  were 
.sufficiently  demonstrative  to  indicate  the  probable  causes  of  the  high  silting  rate  and  to 
indicate  the  usefulness  of  further  model  experimentation  to  explore  possible  solutions  to 
the  problem.  Because  of  the  small-scale  ratios  of  the  model,  and  limitations  on  model 
time  that  could  be  made  available  for  this  specific  silting  problem,  it  was  possible  n> 
make  only  the  qualitative  observations  described. 

Consequently,  the  PRR  engaged  the  Aldan  hydraulic  laboratory  of  the  Worcester 
(Mass.)  Polytechnic  Institute  to  construct  a  large-scale  hydraulic  model  of  a  portion  oi 
the  Delaware  River  in  the  vicinity  of  the  pier  on  which  to  make  quantitative  as  well  as 
qualitative  tests,  and  to  explore  methods  to  economically  decrease  silt  deposition  in  the 
pier  slips. 

Ball.   560 
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By  carefully  evaluating  the  accuracies  desired  with  the  cost  of  model  construction, 
it  was  determined  that  a  section  of  the  Delaware  River  extending  approximately  10,000 
ft  in  each  direction  upstream  and  downstream  from  the  pier  would  permit  accurate  re- 
production of  prototype  conditions  of  flow,  velocity,  volume  and  time,  with  model  scales 
of  1:200  horizontally  and  1:60  vertically.  With  these  ratios  it  is  possible  to  simulate  the 
prototype  tidal  cycle  of  12  hr  25  min  on  the  model  in  28.93  min. 

The  information  from  the  field  necessary  for  the  construction  and  verification  of 
the  model  was  supplied  by  the  Corps  of  Engineers  and  the  PRR.  The  Corps  supplied 
detailed  cross  section  soundings  at  400-ft  intervals  along  the  river  and  tidal  velocities  at 
various  times  of  the  tidal  cycle  at  three  control  points,  one  at  the  point  corresponding 
to  the  downstream  end  of  the  model,  one  at  the  pier  location,  and  one  at  the  point 
corresponding  to  the  upstream  end  of  the  model. 

The  PRR  supplied  data,  drawings,  and  fathometer  profiles  indicating  the  nature  of 
the  topography  of  the  river  bottom  in  the  vicinity  of  the  pier  and  structural  drawings 
of  the  pier  construction. 

A  4-in  concrete  base  slab  with  15-in-high  perimeter  walls  was  poured  for  the  model. 
A  reference  grid  corresponding  to  the  Corps  of  Engineers  topographic  grid  was  then 
superimposed  on  the  model,  and  all  the  various  structures  along  the  river  were  em- 
placed,  with  the  piers  being  reproduced  by  layers  of  properly  shaped  boards  supported 
on  54_m  diameter  steel  rods,  each  rod  representing  16  piling. 

Wooden  templates  were  then  shaped  to  the  topographic  information  at  approxi- 
mately 400-ft  intervals,  or  2  ft  on  the  model,  and  secured  in  proper  position  and  scale 
elevation  to  the  base  slab.  Gravel  backfill  was  then  emplaced  to  approximately  1  in 
below  the  final  contour,  and  a  finish  plaster  coat  of  cement,  sawdust,  and  sand  was 
placed  on  top  of  the  gravel  and  molded  to  the  templates  to  reproduce  the  river 
topography. 

Water  supply  to  the  model  was  through  two  8-in  motor-controlled  valves,  one  up- 
stream for  ebb  tides,  and  one  downstream  for  flood  tides.  These  valves  were  actuated 
through  an  electro-mechanical  control  system  to  reproduce  proper  tidal  flows.  A  system 
of  weirs  and  gates  to  control  velocity,  flow  distribution,  and  water  elevation  were  also 
provided. 

When  the  model  construction  was  completed,  velocity  distribution  and  flow  rate 
were  checked  against  the  prototype  data  and  adjustments  made  by  insertion  of  wooden 
dowels  by  trial  and  error  methods  until  the  proper  model  calibration  was  achieved. 
Further  refinments  were  made  in  the  immediate  vicinity  of  the  pier  from  data  taken  in 
the  field  by  the  PRR. 

Upon  completion  of  calibration,  preliminary  tests  using  coloring  dye,  and  gilsonite 
were  made  which  verified  the  observations  made  on  the  smaller  scale  model  at  the 
Waterways  Experiment  Station. 

Quantitative  tests  were  then  made,  using  gilsonite,  to  determine  constancy  of  re- 
sults that  could  be  achieved.  The  percentage  of  the  total  gilsonite  inserted  which  was 
recovered,  and  the  percentages  collected  in  each  of  the  areas  in  the  vicinity  of  the  pier 
selected  for  study,  all  agreed  within  1  percent  for  these  tests.  The  verification  of  the 
model  was  now  complete. 

Consideration  of  the  silting  problem  developed  eight  suggested  possibilities  to  reduce 
silting.  These  included  alterations  to  the  pier,  the  adjacent  shore  lines,  dredging  of  shoal 
areas,  insertion  of  water  jets  into  the  slips,  etc.  A  series  of  quantitative  tests  were  then 
made  on  the  model  for  each  of  the  suggested  possibilities.  The  model  was  modified  to 
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reproduce  each  suggested  change,  and  then  gilsonite  tests  made,  with  careful  measure- 
ment of  the  quantities  deposited  under  the  various  conditions  selected.  Still  and  motion 
pictures  were  also  made  to  facilitate  the  analysis. 

Tabulation  of  test  data  indicated  that  each  of  the  suggested  solutions  would  have  a 
very  definite  influence  on  the  silt  deposition.  Some  would  aggravate  the  situation  and 
increase  the  silt  deposit  while  others  would  reduce  the  silt  deposit  by  varying  degrees, 
and  an  economic  solution  to  the  problem  was  indicated  by  one  of  the  suggested 
alterations. 

The  benefits  derived  from  the  use  of  hydraulic  models  for  this  waterway  problem, 
at  relatively  low  cost,  are: 

(1)  A  thorough  and  graphic  understanding  of  the  action  of  the  waterway  was 
presented. 

(2)  Tidal  cycles  could  be  reproduced  in  a  fraction  of  the  time  of  the  tidal  cycles 
in  the  prototype,  permitting  studies  to  be  made  for  many  simulated  cycles 
in  comparatively  short  periods  of  time. 

(3)  Alterations  to  the  model  to  simulate  possible  corrective  measures  were  easily 
and  rapidly  made  and  the  influence  of  these  measures  evaluated  and  compared. 

(4)  Test  results  clearly  indicated  varying  degrees  of  improvement  from  which 
the  eccnomies  of  the  possible  corrective  measures  could  be  developed. 

(5)  Informative  and  beneficial  negative  results  were  obtained  which  indicated 
what  should  not  be  done  in  an  effort  to  reduce  silting. 

(6)  An  accumulation  of  factual  data,  supplemented  by  photographic  records,  was 
made  available  to  support,  or  refute,  engineering  opinions  or  judgment  as 
to  corrective  measures  to  be  taken. 


Report  on  Assignment  7 

Relative  Merits  and  Economics  of  Construction  Materials  Used 
in  Waterfront   Facilities 

S.  T.  Li   (chairman,  subcommittee),  C.  M.  Bowman,  B.  M.  Dornblatt,  R.   B.  Midkiff, 
E.  M.  Skelton,  F.  R.  Spofford. 

The  report  of  your  committee  under  this  assignment  is  divided  into  three  parts, 
as  follows: 

Part  1 — Xew  Manual  material  recommended  for  adoption  and  publication  in  the 
Manual  as  Part  6 — Construction  Materials:  Recommended  Practice  of  Conducting  Pe- 
riodic Inspection  and  Maintaining  Progressive  Service  Performance  Records  of  Piling 
Materials  Used  in  Waterfront  Facilities. 

Part  2 — Mechanical  Properties  of  Grcenheart  and  Determination  of  Recommended 
Values  for  Marine  Design. 

Part  3 — Energy  Design  Criteria  for  Fender  Piling  and  Relative  Merits  of  Different 
Materials. 


Part   1 — New   Manual  Material 

Your   committee    recommends   for  adoption   and   publication   in    the    Manual    under 
new  Part  6 — Construction  Materials,  of  Chapter  25,  the  following  recommended  practio 
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RECOMMENDED    PRACTICE    OF     CONDUCTING    PERIODIC 

INSPECTION  AND  MAINTAINING  PROGRESSIVE  SERVICE 

PERFORMANCE   RECORDS   OF  PILING   MATERIALS   USED 

IN  WATERFRONT  FACILITIES 

1.  Foreword 

Molluscan  wood  borers  included  within  the  family  Teredinidae  alone  cause  millions 
of  dollars'  worth  of  property  damage  each  year  according  to  official  U.  S.  Navy  estimates. 
When  the  damages  resulting  from  plant-life,  insect,  and  Crustacean-borer  attack  on  tim- 
ber piling,  corrosion  of  steel  piling,  and  deterioration  of  concrete  piling,  are  all  accounted 
for,  the  annual  property  damage  to  waterfront  facilities  would  amount  to  tens  of  million 
dollars,  of  which  the  railroads  share  no  small  proportion. 

These  damages  to  piling  materials  in  waterfront  facilities  can  be  much  reduced  by 
proper  selection,  treatment,  maintenance,  and  protection.  In  any  measure,  the  practice 
of  conducting  periodic  inspection  and  maintaining  progressive  service  performance  rec- 
ords constitutes  the  first  and  indispensable  step. 

2.  Reference   Marking  System 

The  institution  of  a  reference  marking  system  is  basic  to  achieving  specific  and 
meaningful  results  in  periodic  inspection  and  service  records.  A  simple  numbering  system 
with  indication  of  month  and  year  of  installation  should  be  in  an  approved  form, 
such  as: 

(a)  Specially  fabricated  nails  or  lag  screws  carrying  the  identification  on  the  heads, 
for  use  with  treated  and  untreated  timber  piles. 

(b)  Welded  bead  marking  on  iron  or  steel  piles.  Concrete  piles  can  be  marked  by 
permanent  imprint  when  cast  or  by  a  metal  tag  securely  affixed  after  driving. 

3.  Periodic  Inspection  and  Procedure 

(a)  Periodic  inspection  shall  preferably  be  conducted  annually,  and  may  be  biennially 
only  if  the  rate  of  deterioration  is  slow,  unless  structure  has  been  damaged  by  collision 
or  other  cause  which  would  require  a  more  frequent  schedule. 

(b)  Suitably  designed  field  inspection  report  forms  with  ample  spaces  to  record  all 
required  information,  conditions,  and  inspector's  remarks  shall  be  provided. 

(c)  Marine  or  underwater  inspections  shall  be  carried  out  by  competent  marine 
divers. 

(d)  The  divers  shall  be  provided  with  two-way  telephone  equipment,  250-w  or 
better  light,  hand  lens,  and  sounding  line  to  locate,  inspect,  and  report  the  conditions  of 
the  piles. 

(e)  The  inspection  shall  embrace  a  thorough  visual  examination  of  each  pile  through- 
out its  entire  length  from  the  top  down  to  the  mud  line. 

(f)  The  general  conditions  of  each  pile  at  any  vertical  location  shall  be  reported  as 
excellent,  good,  fair,  bad,  poor,  and  very  poor. 

(g)  If  biological  attack,  corrosion,  or  deterioration  has  occurred,  as  the  case  may 
be,  the  specific  conditions  of  each  pile  at  any  vertical  location  shall  be  reported  as  very 
heavy,  heavy,  medium,  moderate,  slight,  and  trace,  for  timber  piles.  Concrete  and  steel 
piles  should  be  reported  as  percentage  of  reduction  in  section. 

(h)  Piling  removed  during  or  after  the  inspection  shall  be  re-examined  and  checked 
against  the  marine  or  underwater  inspection  report  with  a  view  of  cultivating  accurate 
ways  of  underwater  examination. 

4.  Untreated,  Treated,  Painted,  Coated,  Armored,  and  Encased  Timber  Piles 

(a)  Service  condition  of  untreated  timber  piles  shall  be  correlated  with  species  and 
quality    of   timber,   organic   growth,   insect   attack,   degree   and   genera   of  infestation   or 
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immunity,  and  temperature  of  water,  salinity  and  its  fluctuation,  extent  of  pollution, 
marine-borer  history  of  the  locality,  and  other  marine  environments,  particularly  food 
supply  for  borers. 

(b)  Service  conditions  of  treated  timber  piles  shall  be  correlated  with  preservative 
material,  process,  pressure,  quantity,  and  penetration,  as  well  as  those  items  listed  for 
untreated  timber. 

(c)  Service  condition  of  painted  or  coated  timber  piles  or  parts  thereof  shall  be 
correlated  with  the  items  listed  for  treated  piles,  except  pressure  and  penetration. 

(d)  Service  condition  of  armored  or  encased  timber  piles  or  parts  thereof  shall  be 
correlated  with  respective  items  listed  below  for  concrete  or  steel  piles  as  the  armor  or 
encasement  may  be,  and  with  respective  itms  listed  above  for  untreated  or  treated  piles 
as  the  case  may  be  if  the  armor  or  encasement  have  beccme  detached  or  fallen  off  of 
some  piles,  leaving  them  exposed  to  biological  attack. 

5.  Reinforced   and   Prestressed   Concrete   Piles 

(a)  Concrete  piles  shall  be  inspected  with  particular  reference  to  cracking  and 
spalling;  abrasion  by  drifting  objects,  scouring  sand,  and  floating  ice;  attack  by  Pho- 
ladidae  (rock-  and  concrete-boring  mollusks)  ;  chemical  acticn  of  sea  water  on  concrete 
as  may  be  revealed  by  magnesium  deposit  (the  white  substance  deposited  around  the 
larger  particles  of  concrete)  and  the  formation  of  CaSOij  and  freezing  and  thawing  ac- 
tion on  porous  concrete,  especially  in  northern  climates. 

(b)  Service  condition  of  concrete  piles  shall  be  correlated  with  the  type  of  cement 
used,  quality  of  aggregates  and  mixing  water,  water-cement  ratio,  slump  of  concrete 
before  placing,  degree  of  curing  before  put  in  service,  and  the  items  listed  under  (a) 
above. 

(c)  Reinforcing  and  prestressing  steel  shall  be  inspected  and  correlated,  if  exposed, 
with  particular  reference  to  spalling,  thickness  of  cover,  rusting,  tidal  range  and  associ- 
ated alternate  wetting  and  drying,  degree  of  freezing  and  thawing,  extent  of  soaking  by 
rough  waters  and  their  spray. 

6.  Iron  and  Steel  Piles 

(a)  Iron  and  steel  piles  shall  be  inspected  with  particular  reference  to  active  agencies 
which  bring  about  corrosion,  such  as  salinity  of  water,  durability  of  painting  and  coat- 
ing, abrasion,  salt  spray  above  tidal  range,  and  whether  there  is  cathodic  protection. 

(b)  Service  condition  of  iron  and  steel  piles  shall  be  correlated  with  locality, 
nature  and  character  of  adjacent  soil,  composition  of  material,  copper  bearing  content 
if  any,  quality  of  wrought  iron  if  used,  effectiveness  of  cathodic  protection,  and  other 
items  listed  under  (a)  above. 

7.  Recording  and  Analysis 

(a)  Annual  or  biennial  inspection  reports  shall  be  reviewed  and  recorded  in  cumu- 
lative service  records  for  the  piles  in  question  from  time  to  time. 

(b)  Protective  measures,  renewals,  their  number  and  percentage  each  year  shall  be 
recorded,  along  with  the  progressive  service  records. 

(c)  Renewal  frequency  studies  shall  be  undertaken  with  a  view  of  determining  most 
probable  service  life. 

(d)  These  recommended  inspection  methods  and  service  records  shall  be  maintained 
to  facilitate  interchange  of  information  and  meaningful  comparison  among  like  records 
of  other  railroads. 
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Part  2 

Mechanical   Properties  of  Greenheart  and   Determination  of 

Recommended  Allowable  Values  for  Design 

of   Waterfront   Facilities 

By  Shu-t'ien  Li 

Chairman,    Subcommittee    7   of    Committee    25 — Waterways    and    Harbors 

Introduction 

Comparative  physical  and  mechanical  properties  of  greenheart  (Nectandra  Rodioet 
Schomburgk,  Ocotea  Rodiei  Mez)  of  Demerara,  British  Guiana,  versus  other  structural 
timbers  are  given  in  the  author's  1959  paper1  on  "Greenheart  (Nectandra  Rodioet) — 
Its  Outstanding  Merits,  Properties,  and  Economics  in  Waterfront  Facilities."  Recogniz- 
ing that  the  optimum  use  of  greenheart  is  dependent  upon  a  full  understanding  of  its 
mechanical  properties,  this  paper  documents  all  known  available  test  results  on  green- 
heart and  determines  therefrom  recommended  allowable  values  under  service  conditions 
for  design  of  waterfront  facilities. 

Known  Available  Tests 

In  addition  to  (1)  published  test  results  on  greenheart  of  the  Forest  Products  Re- 
search Laboratory,  Department  of  Scientific  and  Industrial  Research  of  the  United  King- 
dom, there  are  test  results  in  the  United  States  m:de  available  (2)  by  the  Forest  Prod- 
ucts Laboratory,  Forest  Service,  U.  S.  Department  of  Agriculture,  as  published  in  1915; 
(3)  by  the  Testing  Laboratories  of  Columbia  University,  as  conducted  in  1930-1931  for 
the  Greenheart  Lumber  Company;  (4)  by  the  Chesapeake  &  Ohio  Railway  in  1936; 
(5)  by  the  School  of  Forestry  and  Conservation,  University  of  Michigan,  as  published 
in  1938.  These  test  results  are  excerpted  and  compiled  in  Table  1.  They  are  mostly  tests 
of  small  clear  specimens  and  in  the  green  or  air-dry  conditions. 

Approximation  of   Moisture   Content  under   Average   Service   Conditions 

As  moisture  content  has  a  pronounced  effect  on  the  mechanical  properties  of  timber, 
and  as  greenheart  will  be  used  untreated,  it  becomes  desirable  to  arrive  at  its  allowable 
stresses  at  the  resaturated  condition  in  service.  The  natural  fiber-saturation  point  for 
most  timbers  is  at  approximately  30-percent  moisture  content,  at  which  the  free  water 
in  the  cell  cavities  has  been  evaporated  and  the  cell  walls  are  still  saturated.  Upon  further 
air-drying  moisture  content  will  be  lost.  But  after  installation  as  fender  and  bearing 
piles  or  other  partially  submerged  components  of  waterfront  facilities,  the  untreated  tim- 
ber will  become  resaturated  at  a  moisture  content  somewhat  lower  than  its  previous 
natural  saturation  extent.  For  greenheart,  th's  may  be  taken  at  25  percent  moisture  con- 
tent for  determining  allowable  values.  The  true  moisture  content  in  service  may  be  more, 
but  toughness  or  shock  resistance  may  also  increase  with  further  increase  of  moisture 
content. 

Modulus  of  Elasticity 

Modulus  of  elasticity  of  greenheart  under  flexure  versus  moisture  content  is  plotted 
in  Fig.  1,  which  gives  3,200,000  psi  at  25  percent  moisture  content.  This  elastic  property 
appears  as  a  denominator  in  the  internal  strain  energy  equation.  For  conservative  reasons, 

1  AREA  Proc,  Vol.  61,  1960,  pp.  311-330. 
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Table  1  (A).  Strength  and  Related  Properties  of  Green  heart  (Nechndn 
Rodioei  Schomb,  Ocotea  Rodiei  Mez)  of Demerara,  British  Guiana 


Physical,  Mechanics  /, 
and  Elastic  Properties 

Forest  Products 
Lab.,  U.S.  Dept 

Columbia 
University 

Chesapeake 
and  Ohio  Ry. 

ofAar., 
Pub.  iqib~ 

Tests 

Tests 

Estim- 
"alt 

M30 

al43i 

Seasoning 

No.  of  Trees  Tes  ted 

No.  of  Test  Specimens 

Moisture  0>nlenf(%  of  Oven-Dry  h§ 

Wtpercu  ft  Green  Ob) 

Creen 
4S.0 

Air-Dry 
35 

n 
m 

Air-Dry 
3 
n 
m 

\Ki 

Air-Dry 

27-7 

59 

*I2.0 

Static  Bending 

Stress  at  Proportional  U/nit^/i  fin) 
Modulus  ofRuptureOh/si  in) 
Modulus  of  Elasticity  {"^'^  in) 
Ejastic  Limit  In  Component -L 
tV  Grain  (Ib/sq  in) 

18,200 

2,1  eo 

1,630 

26,400 
3,450 

2,640 

(Sub  1) 

23,400 

CSub  3) 

14,200 

21,000 

2,150 

1 3,910 
26,200 

16, 100 
32,100 

Compression  Parallel  -to  Grain 
Stress  at  Proportional  Limit  (!bh'm) 
Maximum  Crushing  Sfrenftfi('b/^i/) 
Modulus  0 f Elastic!*  (""""fy  >n) 

9tV0 

lib  00 

(Sub  1) 
8,180 
10,990 

(Sub  4) 
10,100 
11,800 
3, 570 

5,820 
8,990 
3,860 

9,460 
15,600 

Compression  Perpendicular  to  Grain 
Stress  at  proportional  Umit^JsijJ) 
Uth'mate Strength  Ob /so  in) 

(Sub  4) 
2,570 
4,940 

1,510 

3,550 

Hardness 
Indenting  Load  on  Side  brain  (>b) 

b  2,0  90 

1,120 

2,190 

Shearing  Parallel  to  Grain 
Maximum  Shearinq  Strength^;*, 

1,920 

1,860 

CSub2) 

1,590 

1,570 

2,160 

Tension  Perpend iui/ar  to  Grain 
Maxi/num  tensile  Strength  C6Af>n) 

Results  of  static  bending  tested  flatwise  nod  included. 

2  specimens,  4  readings  each. 
c Erratically  low,  h>  be  disregarded. 
n,=2,  m,  and  w,  not  given;    nz-6,  m2  and  wz  nor  given. 
^3mZ,  nii^2i.8(a^)f   ^st  60.8(4*);  n+^3,   n^^ns(av.)t  w4  nor  given. 


it   is   not   advisable   to   reduce   this   value   for   variation   as   it    would   then   increase    the 
energy -absorbing  capacity  on  the  unsafe  side. 

The  above  modulus  of  elasticity  for  greenhcart  at  25  percent  moisture  content 
represents  a  fair  accurate  value  when  compared  with  other  authoritative  figures.  Ac- 
cording to  a  communication  from  J.  A.  Liska,  chief.  Division  of  Physics  and  Engineering, 
U.  S.  Forest  Products  Laboratory,  dated  July  20,  1960,  it  is  stated  that  their  data  on 
the  properties  of  greenheart   indicate  that  E,.   (modulus  of  elasticity  in  the  longitudinal 


388 


Waterways   and    Harbors 


Table  1  (B).  Strength  and  Related  Properties  of  Greenheart  (Uectwdra 
Rcdioei  Schomb,  Occtea  Podiei  Met)  otDemerara,  British  Guiana 


Physical,  Mechanical, 
and  Elastic  Properties 


University  of  Michigan 
Tests  Published  in  (938 


Black 
Variety 


Stack 
Variety 


Forest  Products 
Research  Laboratory 
United   Kingdam 
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VJf.  per  cuft  Greer?  Clb) 


Green 
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Air- Dry 
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Modulus  »f£/asf/ofy(mo/%?  in) 
Elastic  Limit  in  Camponerit-L 
-ta  Grain  Qb/sq'w) 


12,700 
18,200 
2,900 


13,800 

20,900 

3.040 


Air-Dry 
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14.4 


Green  \Air-Ory 


42.0 
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Compression  Paralki  to  Grain 
Stress  of  Proportional  Umit(!b/sqin) 
Maximum  Crushing  Strength  db/ypn) 
Modulus  of  Elasticity  (!mUjid) 


7,060 

%GZ0 
3,470 


8,100 
10,690 
3,700 


9,870 
12,800 
4,170 


Compression  Perpendicular fo Gmin 
Stress  at  Proportional  Limit  ('¥sy  in) 
U/fi'mate  Strength  0b/$g  in) 


1,780 
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Hardness 
Indenting  Lead  on  Side  <Smin  Ob) 

Shearing  Parat/et  to  Grain 
Mamnm^ 


IG,200 
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12.0 
£2 


id  2oo  l  \U,1°0 
2,970  \A^>^10 

1,320       2,810 


10,140 
13,000 
4,140 

2,090 


10,500 
1,120 
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114,140 


ZS(,C 


2,350     2,280 


2,6:30     2,6,30 


2,1/0 


\2,520 
\2,6SO 


1,7/0 


Tension  'Perpendicular  to  Grain 
Maximum  Tensile  Strength  (^  ;ff) 


1,000 


1,750 


1,140 


1,830 


1,320 


2.850 


CO  20 


At  50  %  moisture  content. 
eS/nall-size  test  pieces, 
f  Approximate  calculated  value. 


direction)   in  the  green  condition  would  average  about  3,270,000  psi,  and  EL  at  12  per- 
cent moisture  content  would  average  about  3,740,000  psi. 

Modulus  of  Rigidity 

Test  results  of  modulus  of  rigidity  of  timber,  and  especially  of  greenheart,  in  shear 
are  meager.  A  communication  dated  July  28,  1960,  from  Frederick  F.  Wangaard,  pro- 
fessor of  lumbering,  School  of  Forestry,  Yale  University,  states:  ".  .  .  direct  data  on 
the  modulus  of  rigidity  of  greenheart  are  not  available." 

This  modulus  must  be  associated  with  shear  deformation  in  one  of  the  three  mu- 
tually   perpendicular   planes   defined    by    the    L    (longitudinal),    T    (tangential),   and   R 
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(radial)  directions  and  with  shear  stresses  in  the  other  two  planes.  Forest  Products 
Laboratory  of  the  U.  S.  Department  of  Agriculture  in  its  1955  "Wood  Handbook" 
recommends  approximate  values  of  Gi.r/Ei,  =  0.06,  Gi,r/El'=  0.075,  and  Grt/El  = 
0.018  for  common  species  having  no  specifically  tested  values. 

However,  greenheart  at  12  percent  moisture  content  should  have  much  higher 
values.  For  greenheart  under  service  condition  at  about  25  percent  moisture  content,  it 
is  conservatively  estimated  that  its  lump  modulus  of  rigidity  for  shear  perpendicular 
to  grain  would  be  in  the  order  of  El/16. 

Reliable   Proportional  Limit  and  Allowable   Stress 
of   Extreme   Fiber   in  Flexure 

From  the  plot  of  Fig.  2,  according  to  5  groups  of  tests  for  greenheart,  the  M;tti< 
bending  stress  at  proportional  limit  corresponding  to  25  percent  moisture  content  i- 
14,550  psi.  Allowing  17^  percent  for  variations,  a  reliable  proportional  limit  is  found 
at  12,000  psi,  Using  a  factor  of  safety  of  1%,  an  allowable  flexural  stress  of  7,200  psi 
may  be  safely  used  for  transient  loading.  Further  reducing  this  value  to  ft,  we  get  an 
allowable  static  bending  stress  of  4,000  psi  for  long-continued  loading. 

When  greenheart  is  used  for  fender  piles  subjected  only  to  impact  loads  of  transient 
nature,  it  is  highly  recommended  to  design  fender  piling  capable  of  withstanding  triple 
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energy  levels  as  advocated  in  the  author's  concurrent  paper,  "Energy  Design  Criteria 
for  Fender  Piling  and  Relative  Merits  of  Different  Materials."  By  triple  energy  levels, 
it  is  meant  to  design  fender  piling  of  wharves  for  berthing  merchantmen  of  2,000  tons 
or  less  to  20,000  tons  or  more  to  resist  75  ft-kips  of  impact  energy  at  the  allowable 
extreme  fiber  stress  in  bending  and  to  withstand  3  times  75  ft-kips  or  225  ft-kips  of 
impact  energy,  "the  accident  impact  energy  level,"  at  the  proportional  limit  of  extreme 
fiber  stress  in  bending.  To  correlate  with  this  design  criterion,  a  conservative  allowable 
flexural  stress  for  transient  loading  of  6,900  psi  is  recommended  for  greenheart.  This 
is  arrived  at  in  the  following  way: 

As  most  of  the  internal  strain  energy  is  due  to  bending  moment,  within  proportional 
limit,  other  things  being  equal,  the  internal  strain  energy  is  proportional  to  the  square 
of  flexural  stress.  If  greenheart  fender  piles  are  stressed  in  bending  at  just  the  safe 
proportional  limit  of  12  ksi  when  subjected  to  accident  impact  energy  level,  the  allow- 
able working  stress  at  design  impact  energy  level  must  be  not  over    V 12-/3  =  6.9  ksi. 
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Allowable   Compressive   Stress   Parallel   to   Grain 
Under  Long-Continued  Loading 

The  plot  of  Fig.  3  gives  compressive  stress  parallel  to  grain  at  proportional  limit 
a  value  of  8,700  psi  at  moisture  content  of  25  percent  according  to  o  groups  of  tests  for 
greenheart.  Allowing  n]/2  percent  for  variation,  the  safe  proportional  limit  may  be 
taken  at  7,180  psi.  Applying  a  factor  of  safety  of  1%  and  a  further  reduction  to  >".. . 
we  arrive  at  2,420  psi  as  the  allowable  compressive  stress  parallel  to  grain  for  greenheart 
under  long-continued  loading  when  partially  submerged.  This  allowable  value  is  recom- 
mended for  the  design  of  bearing  piles  <>l  greenheart. 

Compression   Perpendicular   to   Grain 

Compression  perpendicular  to  grain  of  greenheart  is  useful  for  designing  lender- 
pile  bearing  on  wales  and  supports.  Its  test  values  at  proportional  limit  in  Table  1  are 
too    scattered.    Their   average   value   is   2,240  psi   corresponding    to   an    average    moisture 
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content  of  25.1  percent.  By  taking  2,250  psi  as  the  value  at  25  percent  moisture  content, 
allowing  again  17|4  percent  for  variation  and  using  a  safety  factor  of  1%,  the  allow- 
able compression  perpendicular  to  grain  for  transient  impact  load  is  arrived  at  1,110 
psi.  This  value  may  be  used  for  checking  compression  perpendicular  to  grain  in  the 
design  of  fender  piling. 

Reducing  the  ?bove  allowable  value  for  transient  loading  by  fe,  we  arrive  at  the 
allowable  compression  perpendicular  to  grain  for  long-continued  loading  as  624  psi. 
This  value  may  be  used  for  checking  compression  perpendicular  to  grain  in  the  design 
of  deck  framing. 

Allowable  Shear  Stress  Parallel  to  Grain 

Concerning  shear  strength  parallel  to  grain,  J.  A.  Liska  of  U.  S.  Forest  Products 
Laboratory  in  his  communication  of  July  20,  1960,  cites  their  data  on  average  shear 
strength  of  greenheart  in  the  parallel-to-grain  direction  at  1,320  psi  in  the  green  con- 
dition, and  2,830  psi  at  12  percent  moisture  content.  These  are  the  same  as  the  max- 
imum shear  strengths  parallel  to  grain,  respectively,  under  42  and  12  percent  moisture 
conditions  of  test  results  by  the  British  Forest  Products  Laboratory  as  given  in  Table  1. 
From  these  we  infer  that,  at  25  percent  moisture  content,  the  proportional  limit  of 
shear  strength  parallel  to  grain  may  be  taken  at  990  psi.  Allowing  17^  percent  for  varia- 
tion, and  using  a  factor  of  safety  of  1%,  we  get  an  allowable  shear  stress  parallel  to 
grain  for  transient  loading  at  490  psi.  Further  reducing  to  t9s,  we  arrive  at  an  allowable 
shear  stress  parallel  to  grain  for  long-continued  loading  at  280  psi. 

Allowable  Shear  Stress  Transverse  to  Grain 

Table  1  gives  only  four  values  of  stress  for  greenheart  at  elastic  limit  on  com- 
ponent perpendicular  to  grain  under  static  bending.  From  these,  an  average  of  2,110  psi 
is  obtained  corresponding  to  an  average  of  27.1  percent  moisture  content.  Again  by 
allowing  17^  percent  for  variation  and  using  a  safety  factor  of  1%,  a  transverse  shear 
unit  stress  is  arrived  at  1,040  psi  which  is  raised  to  1,100  psi  as  allowable  for  the  as- 
sumed moisture  content  of  25  percent  in  service.  This  value  may  be  used  for  checking 
shear  stress  transverse  to  grain  in  short  fender  piles  under  transient  impact  load. 

Professor  Frederick  F.  Wangaard  in  his  communication  of  July  28,  1960,  states: 
"Shearing  strength  across  the  grain,  that  is,  across  the  ends  of  fibers,  cannot  be  deter- 
mined for  any  species  of  wood.  The  wood  simply  fails  by  crushing  or  as  a  result  of  the 
associated  shear  parallel  to  the  grain."  This  technical  difficulty  can,  however,  be  over- 
come by  artificially  creating  necked  sections  adjacent  to  the  supports  of  transversely 
loaded  test  specimens. 

By  taking  ts  of  the  allowable  shear  stress  transverse  to  grain  under  transient  load- 
ing, we  arrive  at  an  allowable  shear  stress  of  620  psi  transverse  to  grain  under  long- 
continued  loading.  This  value  may  be  used  for  checking  shear  stresses  in  the  design  of 
deck  framing. 

Recapitulation  of   Recommended  Values 

Recommended  elastic  properties  and  allowable  stresses  for  greenheart  under  partially 
submerged  conditions  for  the  design  of  components  of  waterfront  facilities  are  summed 
up  as  follows: 
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It   is    believed    that    the    above    recommended   values   are    conclusive    to   safety   and 
economy,  as  well  as  adaptable  to  energy  design  for  fender  piles. 


394 Waterways    and    Harbors 

Part  3 

Energy   Design   Criteria  for   Fender   Piling  and   Relative 

Merits  of  Different  Materials 

By  Shu-t'ien  Li 

Chairman,    Subcommittee    7    of    Committee    25 — Waterways    and    Harbors 

Introduction 

A  fender  system  is  an  important,  indispensable,  though  supplementary,  component 
of  waterfront  facilities,  designed  to  absorb  shock  from  impact  and  to  resist  glancing  or 
grinding  abrasion  for  the  purpose  of  protecting  both  the  facility  and  floating  craft  from 
mechanical  damages.  The  most  widely  used  system  is  the  conventional  type  of  fender 
piling,  though  there  have  been  evolved  other  systems,  such  as  floating  fenders  or  camels, 
hung-type  fenders,  resilient-type  fenders,  suspended-type  fenders,  and  retractable  marine 
fender  system. 

Conventional-type  timber-pile  fenders  are  usually  used  for  general-purpose  wharves, 
quays,  piers,  and  jetties.  They  themselves  form  the  vertical  frame  and  have  high  re- 
silience and  spring  action.  Impact  energy  is  absorbed  directly  by  the  flexural  and  shear 
strain  capacity  of  fender  piles  and  to  some  extent  indirectly  by  the  structural  members 
behind  them.  They  are  driven  either  singly  or  in  clusters  (dolphins),  and  may  be  either 
with  or  without  a  cap  and  upper  and  lower  wales,  as  location  or  circumstances  may 
require.  When  horizontal  loads  are  carried  to  the  lower  parts  of  the  piles,  their  embed- 
ment in  the  soil  must  be  sufficient  to  transfer  the  horizontal  forces  to  the  soil.  They 
represent  the  simplest  type  and  have  more  inherent  advantages  than  any  other  type. 
Their  batter  outward,  if  used,  should  be  kept  to  a  minimum  and  in  all  cases  far  less 
than  1  in  6,  beyond  which  they  themselves  will  likely  suffer  breakage  damage. 

Essential   Requirements   for   the   Conventional-Type   Timber-Pile   Fendering 
Essential   and   desirable   requirements   for   the    conventional    type    of    fendering   for 
general-purpose  wharves,  quays,  piers,  and  jetties  are  enumerated  as  follows: 

(1)  Adaptability   to  both  wall-sided  and  belted  vessels  to  berth  alongside. 

(2)  Long  serviceable   life,   low  maintenance,  and  least  renewal. 

(3)  Minimum  capitalized  or  annual  cost. 

(4)  High  absorbing  capacity  for  impact  energy  so  as  to  eliminate  damages  to 
the  main  structure. 

(5)  Appreciable  elastic  movement  so  as  to  eliminate  damages  to  the  berthing 
ship. 

(6)  Capability  of  absorbing  inclined  impacts  and  rubbing  forces  so  as  to  elimi- 
nate damages  to  fendering. 

(7)  Having  jointly  with  the  main  structure  sufficient  static  resistance  and  mass 
to  cause  plastic  deformation  of  ship  hull  in  order  to  save  the  main  structure 
if  hit  by  an  abnormal  impact. 

(8)  Capability  of  absorbing  work  from  a  bumping  vessel  at  exposed  berths. 

(9)  Avoidance  of  over  rigidity  and  stiffness,  and  hence 

(10)   Relief    of    ship    captains'   psychological   fear   of   bumping   against   over-rigid 
fenders  that  has  sometimes  led  to  the  choice  of  casting  off. 

All  these  requirements  can  be  better  met  by   timber,  and  best  met  by  greenheart,  pile 
fendering. 
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Actual    Displacement  and   Effective   Mass   of   Berthing   Vessels 

Just  how  much  of  the  gross  kinetic  energy  of  a  berthing  ship  at  a  given  approach- 
ing velocity  is  delivered  to  the  fender  system  at  any  point  of  impact  depends  upon 
how  much  of  the  entire  mass  is  effectively  acting.  When  berthing  a  larger  wall-sided 
vessel,  half  of  its  mass  or  displacement  is  generally  considered  active.  This  is  because 
a  considerable  portion  of  its  length  is  built  off  the  same  template;  the  resultant  vessel 
can  contact  the  fender  system  over  a  long  length  or  near  either  end.  If  an  end  impact 
takes  place,  the  mass  center  is  free  to  continue  moving,  hence  only  a  fraction  of  the 
whole  mass  is  acting.  On  the  other  hand,  if  she  comes  in  parallel  to  the  fendered  face, 
there  will  be  comparatively  little  load  acting  per  foot  run.  Thus,  if  the  fender  can 
resist  an  end  coming  in  first,  it  will  surely  be  able  to  resist  a  distributed  impact  over 
a   considerable  length. 

In  the  case  of  an  end  impact  taking  place  with  non-parallel  docking  approach,  the 
velocity  vector  (v)  normal  to  the  fender  face  does  not  coincide  with  the  reaction;  con- 
sequently only  a  part  of  the  kinetic  energy  manifests  as  impact  energy  while  the  rest 
rotates  the  ship  to  deliver  a  secondary  contact  blow  to  the  fenders.  Although  velocities 
with  non-parallel  docking  approach  may  generally  be  greater  than  with  parallel  approach, 
since  in  the  latter  case  the  ship  is  usually  under  better  control,  the  effective  mass  (M, ) 
will  be  much  reduced.  If  a  vertical  axis  is  considered  as  passing  through  the  point  of 
contact  (0),  r  the  distance  in  feet  from  this  point  to  the  mass  center  of  the  ship,  9  the 
horizontal  angle  in  degrees  the  line  r  makes  with  the  front  face  of  fenders,  P  the  mass 
radius  of  gyration  in  feet  of  the  ship  about  0,  u  the  angular  velocity  in  radians  per  sec- 
ond of  rotation  of  the  ship  about  0;  then  according  to  the  "principle  of  conservation 
of  momentum",  the  moments  of  momentum  instantly  before  and  after  the  impact 
contact  are  almost  equal  to  each  other.  Hence, 

Mv  (r  cos  9)  —  Mpw(p ) 
sriving  w  =  vr  cos  9/p". 

The  effective  kinetic  energy  will  be 
—  Mrv"  =  —M(  Vs  —  p*«* ) 

=  -j  MvJ  (l  —  rcos20/p2) 

whence  the  "effective  mass"  is  given  by 

Mr  =  M  (1  —  r  cos2  9/p")     (1) 

In  case  the  mass  radium  of  gyration  of  the  ship  about  her  center  of  gravity  =  Va, 
of  her  length  (L)   and  r—  V-s  of  her  length,  9  —  27  5/6  deg, 

p'=  (1/16+  1/°'  / 

and  I/.  =  M/2 

For  all  9  smaller  than  21  5/6  deg,  M,    will  be  less  than  M/2  it     the  above  value*  ol   P 
and  r  remain   the  same. 

While  it  is  reasonable  to  take  half  the  mass  as  acting  in  the  case  of  wall-sided  ves- 
sels of  20,000-ton  class  or  over,  the  effectively  acting  proportion  of  the  entire  mass  will 
increase  as  the  displacement  tonnage  decreases,  and  this  proportion  may  increase  to 
nearlv  the  full  mass  in  the  case  of  belted  vessels  of  the  20.OOO-tun  class  or  under 
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The  belted  vessels  are  generaly  built  more  curved  in  plan  and  sometimes  with  com- 
pletely curved  beltings  capable  of  delivering  the  whole  impact  as  a  concentrated  load 
on  the  face  of  the  fender  piles.  These  vessels  are  very  sturdy  and  can  resist  a  much 
greater  localized  reaction  than  a  wall-sided  vessel  without  suffering  from  plastic  defor- 
mation. Consequently,  they  may  not  only  deliver  the  full  gross  kinetic  energy  to  the 
fender  system,  but  they  also  usually  berth  at  a  much  higher  speed,  thus  making  their 
kinetic  energy  as  high  as,  or  even  slightly  higher  at  times  than,  a  large  wall-sided  vessel 
of  10  times  the  tonnage  displacement. 

Approaching  Velocities  of  Vessels 

Approaching  velocities  of  vessels  depend  mainly  on  the  methods  of  docking,  but 
may  be  affected  somewhat  by  wind  and  current.  For  ships  of  10,000-ton  displacement 
or  over,  in  restricted  harbor  basins  where  the  ship  is  usually  brought  in  by  tugboats, 
the  normal  component  of  velocity  may  be  as  low  as  0.00  to  0.25  ft  per  sec.  If  there  is 
free  approach  to  the  wharf  and  the  ship  comes  in  under  its  own  power,  the  normal 
component  of  velocity  may  be  in  the  range  from  0.25  to  0.50  ft  per  sec.  Smaller  ships 
generally  come  in  at  much  higher  velocities.  For  coastwise  ships  of  2,000  long  tons  or 
under,  the  normal  component  of  their  velocities  approaching  the  wharf  may  be  as  high 
as   twice   the  above  figures  or  even  slightly  higher. 

Kinetic  Energy  as  a  Measure  of  Impact  Energy 

The  kinetic  energy  approach  is  basic  for  evaluating  the  impact  energy  upon  a  fender 
system  delivered  by  a  ship  with  an  approaching  velocity  to  her  berth  and  with  an  added 
velocity  from  the  waves,  if  there  be  any.  Let  W=  displacement  of  ship  in  long  tons, 
v  =  vector  component  of  ship's  velocity  normal  to  the  face  of  the  fenders  in  ft  per  sec, 
K.   E.  =  kinetic   energy   in   ft-lb,   g  =  gravity   acceleration   in   ft  per   sec   per  sec.   Then 

A".  E.  —  y2  MV~  =  2,240  Wv"/2g  =  34.8  W  Vs   (2) 

whose  evaluation  depends  on  the  selection  of  the  maximum  weight  of  ship,  her  effective 
mass  acting,  and  her  approaching  velocity  which,  in  turn,  depends  on  the  methods  of 
docking  as  stated   under  "Approaching  Velocities  of  Vessels." 

In  case  of  surge  motion  in  progressive  waves  and  also  for  the  case  of  transverse 
impact  of  ship's  approach  combined  with  effects  of  a  beam  sea  of  either  progressive  or 
standing  waves,  according  to  Wilson1,  but  using  more  simplified  notations,  the  kinetic 
energy  (K.E.)  may  be  expressed  by  increasing  the  transverse  velocity  of  the  approaching 
ship  by  the  added  velocity  from  the  waves  as 

K.  E.  =~M'  (V'+V)2  (3) 

in  which  V  =  the  transverse  uniform  velocity  of  approach  in  feet  per  second,  V  =  the 
added  variable  sway  velocity  in  feet  per  second  due  to  the  wave,  and 

M'  =  the   virtual   mass,   the   mass   of   the   ship   increased   by   the    hydro-dynamic 
effect  of  displaced  water,  which  is  given  by 


M'  =  M 


0+lif) 


(4) 


where  B  =  length  of  the  beam  in  feet,  and  D  =  the  draft  in  feet.  For  an  open  struc- 
ture and  transverse  approach  combined  with  a  progressive  beam  wave,  V  is  defined 
by  the  equation: 


1  Wilson,    Basil    Wrigley:    "The    Energy    Problem    in    the    Mooring    of    Ships    Exposed    to   Waves"; 
Princeton  University  Conference  Papers,   1958. 
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Ag  sinh  kd  —  sinh  ks  sin  kB/2 

v'=^d    ^shM       km    sin  e (S) 

where  o  =  angular  frequency  =  2  ""/period,  d  =  wave  depth  in  feet,  s  =  clearance  under 
the  keel  in  feet,  k  =  wave  number  =  2  w/wave  length,  0=  phase  number;  and  V  be- 
comes maximum  when  sin  0=1.  The  above  equation  for  V  does  not  apply  to  the  case 
of  a  solid  structure  where  the  waves  reflect  and  form  a  standing  wave  system.  By  apply- 
ing specific  values,  the  sway  velocity,  the  virtual  mass,  and  hence  the  kinetic  energy 
may  be  determined. 

To  exemplify  the  evaluation  of  kinetic  energy  that  may  be  delivered  by  a  ship  to  a 
timber-pile  fender  system,  take  first  a  freight  ship  of  the  20,000-gross-ton  class  loaded 
to  86  percent  of  her  displacement  capacity,  approaching  her  berth  at  a  normal  velocity 
of  Yz  ft  per  sec.  The  kinetic  energy  of  the  berthing  ship,  assuming  no  surge  motion,  is 
given  by  Eq.   (2)   as 

K.E.  =  34.8  (y2)   (20,000)   (0.86)   (%)2 
=  74.8  ft-kips 

As  a  second  example,  a  2,150-ton  vessel  berthing  with  an  approaching  velocity  of 
1  ft/sec  may  deliver  the  same  kinetic  energy  at  a  contact  point,  for  in  this  case 
#.£.  =  34.8  (2,150)    (1)2=74.8  ft-kips 

Design  Energy  Criteria 

In  the  previous  example,  the  evaluation  of  kinetic  energy  that  may  be  delivered  on 
a  fender  system  by  a  freight  ship  of  the  20,000-gross-ton  class,  loaded  to  86  percent  of 
her  displacement  with  hall  of  her  mass  acting  and  approaching  at  a  velocity  of  l/2  ft 
per  sec,  yields  a  result  of  74.8  ft-kips.  The  same  energy  would  result  if  the  ship  were 
fully  loaded  with  half  of  her  mass  acting  and  approaching  at  a  lower  velocity  of  about 
0.46   ft  per  sec. 

It  has  also  been  shown  that  the  same  energy  will  result  for  a  2,150-ton  class  ship 
with  all  of  her  mass  acting,  approaching  at  a  higher  velocity  of  1  ft  per  sec. 

As  the  impact  energy  is  proportional  to  the  square  of  the  approaching  velocity, 
the  energy  level  will  increase  considerably  if  the  velocity  is  only  slightly  increased. 
Using  the  data  for  the  20,000-ton  class  ship  of  the  previous  example,  the  energy  level 
would  be  tripled  if  the  approaching  velocity  were  only  increased  to  0.866  ft  per  sec. 
As  the  approaching  velocity  should  be  under  control  and  it  is  uneconomical  to  design 
a  waterfront  facility  and  its  fender  system  for  uncontrolled  accidental  energy  levels,  it 
will  be  reasonably  conservative  to  design  the  conventional-type  timber-pile  fenders  for 
berthing  freight  ships  from  2,000-ton  class  to  20,000-ton  class  to  resist  a  normal  impact 
energy  level  of  75  ft-kips  at  transient-load  allowable  working  stresses  and  to  be  able  to 
withstand  the  triple-impact-energy  level  of  225  ft-kips  at  nearly  the  safe  elastic  limit 
of  timber.  To  extend  the  usual  design  energy  level  to  smaller  vessels  of  the  1 .000-ton 
class  or  under  and  to  express  these  energy  levels  in  different  practical  units  for  con- 
venient application,  a  schedule  is  established  as  shown  in  Table  1. 
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Table   1 — Design    \ni>  Accident  Energy  Levels 


/.•  iji  /  of  I  mpaci  Em  rgy 


Design  Level  (at  transient-load  allowable  working  stresses) 
Ship 

Tonnage    1 ,  000  or  under 

Class  2.000  to  20,000 

Accident  level  (at  nearly  the  safe  elastic  limit  of  material) 
Ship 

Tonnage    1 ,  000  or  under 

Class  2,000  to  20,000 


Em  rgy    Units 


150 

'Hill 


1,350 
2,700 


Basic   Relations   of   Energy-Absorbing   Capacities 

The  energy-absorbing  capacity  of  a  fender  system  is  measured  by  the  total  amount 
of  internal  strain  energy  in  flexure  and  shear  it  can  safely  set  up  and  release.  Three 
types  of  conventional  fender-pile  construction  may  arise,  as  diagrammatically  shown  in 
Fig.  1.  They  are  the  cantilever  type  (A),  the  rigid- wharf  type  (B),  and  the  jetty  type 
(C).  The  predominant  part  of  the  internal  strain  energy  in  all  these  conventional  types 
is  that  due  to  bending  for  long  fender  piles.  But  as  shear  always  occurs  simultaneously 
with  moment  by  virtue  of  the  relation  d  M/dx  =  S,  the  inclusion  of  its  internal  strain 
energy  due  to  shear  may  become  justified  whenever  higher  accuracy  is  desired,  especially 
in  the  case  of  short  piles  and  wide-flange  sections  whose  limited  web  area  appears  in 
the  denominator  of  energy  equations.  Let 

P  =  concentrated  lateral  load  in  kips  acting  on,  or  distributed  to,  each  fender  pile 

at  the  point  assumed  for  each  type  of  fender  system  as  shown  in  Fig.  1. 
L  c=  length  in  feet  of  fender  pile,  between  load  and  fixation  level  for  the  cantilever 

type,  and  between  points  of  support  for  rigid-wharf  and  jetty  types. 
a  —  vertical   distance   in   feet   from   top   support   to   point   of   application   of   the 

load  for  the   rigid-wharf  type. 
H  =  horizontal  reaction  in  kips  (denoted  with  subscripts  in  Type  B). 
y  =  vertical   distance   in   feet   measured   upwards   or   downwards   from   the  point 
of    zero    moment;    positive,    if   associated    with    positive   moment;    contrary, 
negative. 
MT  =  maximum  resisting  moment  required  in  kip-feet  of  each  fender  pile. 
M=  moment  in  kip-feet  at  any  section  of  each  fender  pile. 
5  =  shear  in  kips  at  any  section  of  each  fender  pile. 
E=  Young's  modulus  of  elasticity  of  the  fender-pile  material,  in  kips  per  square 

foot. 
G  e=  modulus  of  rigidity  of  the  fender-pile  material,  in  kips  per  square  foot. 
/  —  moment  inertia  in  feet4  of  the  cross  section  of  the  fender  pile  about  plane 

of  bending. 
.4  =  cross-sectional  area  in  square  feet  of  each  fender  pile. 
W  =  total  internal  strain  energy  of  each  fender  pile  as  represented  by  its  internal 

work  in  foot-kips. 
Wf  =  internal  work  in  foot-kips  of  each  fender  pile  due  to  flexure. 
Ws  =  internal  work  in  foot-kips  of  each  fender  pile  due  to  shearing. 
/  =  maximum  flexural  stress  of  fender  pile  in  kips  per  square  inch. 
5  £=  simultaneous  maximum  shearing  stress  of  fender  pile  in  kips  per  square  inch. 
V  =  volume  of  fender  pile  in  cubic  feet  for  length  L, 
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Cantilever  Type: 


\ 

Bed    , 


>^ 


Level 


f  ;  i  // 

Teve?  or  <  fr/xafion    h 


-Mr 
Moment 


-Mr 


Level  oft ,  FfxaHan^  I 

Shear  Moment  \\  \\ 

U<WU 


c-*/M_   -p 
Mr—-PL  =£esiif'/'ny  Moment 


R.eq 


>d. 


H,=P-H2)    H^^L 


y<a 


y^L-a 


A/A  =H,a=  Resisting  Moment 

Pjeq'd. 


p/ 
Hr  —  ±  *2T  -  f&siS"na  Moment 


Z^.  i.  Convert fiona I  Types  of  Fender- Pile  Construcf/on 
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For  Type  A, 

W  =  W,  + 


[  M2  (  S- 


cm 


W"i 


I' 


2  EI        dy+\lGAdy 


M\L         PL  M-rL  P-L 

+    i  n  a    —    f.  t?r    +  1  • 


6  EI    x   2GA    ~    6 EI 


2GA 


For  Type  B, 


I         2  EI  1         2EI  )o 


dv 


2GA 


dy 


Mr2L       P2a(L—a)       M\L       a(L  —  a)        P2L 


6  EI    +      2  GAL 


6  EI 


+ 


V 


2GA- 


For  Type  C, 


W* 


I 


yfrY^.m 


2  EI 


dy+2 


\ 


2GA 


dy 


M\L         P2L        M-rL         1  P-L 

6EI    +  8GA  ~  6EI    +    4     -     2  GA 

M-,L 


It  is  to  be  noted  that  W ( 


6  EI 


a—  l 


0  = 


a(L  —  a) 
V 


and 


for  all  types;  and  by  calling 
for  Type  A 
for  Type  B 


for  Type  C, 


we  may  write  the  general  strain-energy  equation  for  all  types  as 
W  =  W f  +*WS  =  M2r  L/6EI  +  KP-L/2GA    


(6) 


(7) 


(8) 


(9) 


(10) 


where  k  s=  a,  j3,  0r  7   which  are  dimensionless  parameters  depending  upon  the  type  of 
construction. 

In  order  to  secure  the  maximum  capacity  of  internal  work  due  to  shear,  the  value 
of  "a"  for  Type  B  should  preferably  be  arranged  such  that 


d(i 


=  0—  {L  —  2&  )/L2 


that  is 
and 


a  =  L/2    (11) 

0=1/4  =  7    (12) 
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Eqs.  (6)  to  (12)  are  valid  for  any  piling  material  and  all  forms  of  cross  section  of 
piles  commonly  in   use. 

Relevant    Mechanical   Properties   of    Materials 

An  examination  of  Eq.  (10)  shows  that  only  three  mechanical  properties  are  rele- 
vant to  the  energy  design  for  fender  piles.  They  are  (1)  modulus  of  elasticity,  (2) 
modulus  of  rigidity,  and  (3)  allowable  fiber  stress  in  bending.  Recommended  values  of 
these  are  assembled  in  Table  2. 

Table   2— Mechanical   Properties   of   Steel,   Concrete,   and   Timber 


Modulus  of 
Elasticity 

Modulus  of 
Rigidity 

Extn  mi   Fibi  /  Sir,  sx 
in  Bending  K/SQ  I  -V 

Material 

1.000 
PSI 

1,000 
K/SQFT 

I, nun 
1'Sl 

1,000 
K/SQ  FT 

Safe 

Propor- 
tional 
Limit 

Allowabh 

for 
Transit  M 

Loading 

ASTM  A  36  steel 

29  ooo 

29,000 
2.900 

l.tiOO 
3,200 

4.180 

4,180 

418 

230 
461 

11,200 

1.610 

34.6 

20 

20 

Concrete  f'0  =  3000 — 3,900  psi 

1.320 

100 
200 

190 

14.4 
28.8 

0.4  f'c 

Timber 

Douglas  fir  (coast  region),  and 
Southern  yellow  pine  (longleaf 

4 .  58 

1 2 .  G 

2.64 

Greenheart  (Demerara) . . 

6.90 

In  Table  2,  the  new  ASTM  A  36  structural  steel  is  given  instead  of  the  old  A  7, 
and  its  allowable  extreme  fiber  stress  in  bending  increased  to  20  ksi  instead  of  18  ksi  for 
A  7.  The  safe  proportional  limit  of  extreme  fiber  stress  in  bending  for  A  36,  whose 
minimum  yield  point  is  36  ksi,  is  taken  at  34.6  ksi. 

Moduli  of  rigidity  for  steel  and  concrete  are  obtained  from  the  equation, 

G  =  E/2    (1  +  m)    (13) 

where  M  is  Poisson's  ratio  =  0.3   for  steel,  and  0.1    for  concrete.  Moduli  of   rigidity   for 
timber  are  estimated  by  the  simple  relation, 

G  =  £,./16     ( 14  ) 

where  E,.  is  the  modulus  of  elasticity  of  longitudinal  fibers  in  bending. 

Under  average  conditions,  according  to  the  authoritative  "Wood  Handbook"  (19SS) 
of  the  U.  S.  Forest  Products  Laboratory,  Douglas  fir  and  southern  yellow  pine  have  a 
basic  proportional  limit  of  extreme  fiber  stress  in  bending  at  5,200  psi,  and  b.isic  allow- 
able extreme  fiber  stress  in  bending  at  2,000  psi,  which  reduce,  respectively,  to  4,580  psi. 
and  1,760  psi,  by  deducting  12  percent  to  allow  for  knots  not  over  1$£  in.  in  diameter 
and  without  further  reduction  for  decay  hazard  anil  moisture  condition,  as  only  treated 
material  will  be  used.  For  triple-energy-level  design  and  transient  impact,  the  allowable 
extreme  fiber  stress  in  bending  is  increased  to  2.64  ksi  instead  of  1.76  k^i 

Recommended  values  for  greenheart  are  after  the  author's  concurrent  paper  on 
"Mechanical  Properties  of  Greenheart  and  Determination  of  Recommended  Values  for 
Marine  Design." 

It  is  to  be  noted  that  the  allowable  extreme  fiber  stresses  in  bending  for  transient 
loading  in   the  last  column  of  Table   2  have  been  adjusted  such   that   their  squares  are 
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each  equal  to  one-third  of  the  squares  of  their  respective  safe  proportional  limit.  This 
correlates  with  the  triple-energy-level  design  advanced  in  this  paper,  because  internal 
strain  energies  are  proportional  to  the  squares  of  the  extreme  fiber  stresses. 

Relative   Merits   of   Different   Materials 

To  keep  the  form  factor  most  nearly  alike  in  evaluating  relative  merits  of  different 
materials  for  fender  piling,  we  will  consider  wide-flange  steel  sections  and  square  sec- 
tions of  reinforced  concrete,  Douglas  fir,  southern  yellow  pine,  and  greenheart. 

For  wide-flange  steel  fender  piles,  when  /  is  expressed  in  kips  per  square  inch,  and 
Mr,  I,  A,  c  (most  remote  fiber  distance  from  the  neutral  axis),  r  (radius  of  gyration 
about  x-axis),  and  Aw  (area  of  web),  in  units  of  kips  and  feet,  we  have: 

Mr  c/I=  (12)7,  Mr=  (12)7  Ar/c 
and  from   Eq.   (10), 

W  —  (12)4  (fr/c)2  AL/6E+  «P*  Aw  L/2GA2W 
which  reduces  to 

W  =  3,460  {r/c)-Vf/E  +  k.Vw(P/Av)2/2G  (15) 

For  all  wide-flange  sections,  both  (r/c)2  and  Aw/A  lie  within  narrow  ranges.  In  the  case 
of  12-in  wide-flange  sections,  (r/c)2  has  an  average  value  of  0.718,  and  AK/A  an  aver- 
age value  of  0.256.  Taking  these  values,  we  may  write 

2,480            0.1  28k 
W  =  V^~  f  +  ~ jj—  (P/Awy (16) 

For  square  fender  piles  of  reinforced  concrete,  since  fc  =  2Mr/jkb3  where  fc  =  1.2 
ksi  for  3,000-psi  concrete,  /,  =  20  ksi,  ;'  =  0.875,  k  —  0.375,  jk/2  —  0.164;  and  if  Mr 
and  6  are  expressed  in  units  of  kips  and  feet,  we  obtain 

Mr—  0.164    (12)2  67c  =  23.6   b'fe    (17) 

w       12(23.66%)°£    ,     «PW 

6Eb*  +  2G  f  b* 

which  reduces  to 

[~1,120  k      /  P  \2_| 

For  square  fender  piles  of  timber,  since  7li",fc/2/=  (12)7, 

Mr,=  24  67   (19) 

we  have : 


2  (24  67)  2L        kAL 

W  = E& +  ^d~ 


(H 


which  reduces  to 


ri,150    ,        k   /P\21 

Eqs.  (16),  (18),  and  (20)  give,  respectively,  the  total  internal  strain  energy  of  one 
wide-flange-steel,  square-reinforced-concrete,  and  square-timber,  fender  pile  within  the 
loaded  vertical  span  (L).  In  each  case,  the  first  term  represents  the  internal  work  due 
to  flexure  and  the  second  term  that  due  to  shear.  Only  in  Type  A,  and  only  when  timber 
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piles  are  used,  P/A  =  average  unit  shearing  stress;  while  in  all  other  cases  P/A  is  merely 
a  factor  of  the  internal  work  due  to  shear.  The  implications  of  these  formulas  throw  the 
following  guiding  lights  that  have  not  been  well  recognized  heretofore: 

(1)  In  designing  a  conventional-type  fender  system  to  resist  a  certain  impact  energy 
appraised  as  kinetic  energy  delivered  by  a  berthing  ship,  the  most  direct  way  is  to 
provide  the  total  internal  strain  energy  (W)  of  the  fender  piles  within  allowable  work- 
ing stresses  equal  to  or  not  less  than  the  kinetic  energy. 

(2)  The  total  internal  strain  energy  is  in  whole  directly  proportional  to  the  volume 
of  material  of  fender  pile  within  the  vertical  span  (L),  and  in  parts  proportional  to 
f/E  and  {P/A)2/G,  where  A  becomes  A«,  in  wide-flange  steel  piles. 

(3)  The  parameter  k  is  dimensionless  and  when  a  =  L/2,  K.  =  fi=zy  for  both  Type 
B  and  Type  C,  while  Type  A  is  only  for  guide  piles  and  ferry  slips. 

(4)  The  material  that  has  the  greatest  internal-strain-energy  capacity  (W )  within 
the  vertical  span  (L)  and  suffers  the  least  biological,  physical,  and  chemical  damages  will 
have  the  greatest  potentiality  of  being  the  most  economical  in  capitalized  or  annual  cost. 

(5)  The  greatest  internal-strain-energy  capacity  (W)  requires  greatest  values  of 
V,  f/E,  and  (P/A)2/G.  They  are  not  favorable  in  wide-flange  steel  piles  for  V  is  the 
least;  least  favorable  in  reinforced  concrete  piles  for  the  ratio  f/E  is  the  least.  Southern 
yellow  pine  and  Douglas  fir  piles  are  more  favorable  than  reinforced  concrete  piles,  as 
the  ratio  f/E  is  much  larger  for  the  same  V.  Greenheart  fender  piles  have  the  greatest 
internal-strain-energy  capacity,  for  they  have  all  the  required  attributes. 

In  Eqs.  (16),  (18),  and  (20),  by  dropping  the  last  terms  representing  internal 
strain  energy  due  to  transverse  shear,  which  are,  in  general,  less  than  1  percent  and 
rarely  more  than  2  percent;  and  by  substituting  the  recommended  values  of  moduli  of 
elasticity  and  extreme  fiber  stresses  in  bending,  we  get  simplified  equations  and  compara- 
tive remits  of  internal  strain  energy  per  fender  pile  for  different  materials  as  shown  in 
Table  3. 

Table  3 — Simplified  Equations  and  Comparative  Results  of  Internal 
Strain   Energy   (W)    per  Fender  Pile 


Material 


ExWi  "sum  of 

W  per  I'lU 
i.V  =  .\L) 


Size 
L=50Ft 


II'  per  PtJi 
(FtrKips) 


ASTM  A36  steel. 


Reinforced  concrete 

Douglas  fir  or  southern  yellow  pine 

( Ireenheart 

At  proportional  Limit 
Allowable 


240V  '(10)' 

386V   '  H)i  ■ 
348V/I  MM' 


359V     m 
l  I'M    (10)' 


I .'  W  F  1 90 
12  WF    65 


IL'  x    12 

1 2  x  12 


1 2  x  12 
12x1 2 

8x8 
6  x    6 


1.69 

1 .61 


0.194 

I  .  7.'. 


is. (Ill 

6.00 
2.65 


The  comparative  merits  in  energy-absorbing  capacity  of  different  materials  .in- 
further  extended  in  Table  4.  An  examination  of  this  table  will  at  once  uveal  the  follow- 
ing facts: 


404 


Waterways    and    Harbors 


Tahle  4-.   Comparative  Merits  in  Bieryy-Absorbfpg  CqpacFfy 
L-SOFt,  Types  8  W C 


Materia/ 
and 

brzc 

cf 

Fender 

Pile 

Interne/  Strain 
B/e/yy  GafKtfy 
GtAHomble 

(Ft- Kips) 

Energy 

Gapac/ty 

vs. 

(Preenheart 
cf  Sawe 

Overall  Si^e 

A/c.  cf 

Fender 

Piles 

ic  Resist 

ISFf-kipS 

Spacing  of 
fender  Piles 

-fir 

Contact  Lenyrii 

cf 

\SC  Ft 

Remarks 

!Z  VF/SC 
12  VF66 

4.69         A3 

A6/    j     -h 

47 

io'-c" 
3'-3* 

12*/2>?X. 

C.I9+ 

3/ 

367 

Net  suituble 

12*12 

Dcucjlas  Rr\       f  7r              _/_ 
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(1)  Fender  piles  of  the  same  material  but  of  different  sizes,  such  as  shown  for  steel 
and  greenheart,  have  internal-strain-energy  capacities  almost  in  direct  proportion  to  their 
volumes,  or  cross  sections,  for  equal  vertical  length  between  supports. 

(2)  Reinforced  concrete  fender  piles  of  the  same  overall  dimensions  as  steel  and 
timber  have  the  least  internal-strain-energy  capacity.  Either  their  spacing  may  be  un- 
suitably crowding  or  their  size  would  be  too  big.  They  are  too  rigid  for  the  required 
resilience,  may   cause  fear  for  bumping,  and  result  in  casting  off.  Furthermore,  they  do 
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not  have  a  well  defined  proportional  limit  and  hence  are  unsuitable  for  the  triple-energy- 
level  design  to  provide  a  high  accident  impact  energy  limit. 

(3)  Greenheart  fender  piles  of  the  same  overall  dimensions  as  other  materials  have 
12  times  as  much  energy  absorbing  capacity  as  the  heaviest  12  WF  steel  section,  3.? 
times  as  much  as  the  lightest  12  WF  steel  section,  31  times  as  much  as  reinforced  con- 
crete, 3.4  times  as  much  as  Douglas  fir  and  southern  yellow  pine. 

(4)  Steel,  wide-flange  sections,  though  high  in  allowable  flexural  stress,  are  low  in 
volume,  and  hence  low  in  energy-absorbing  capacity.  On  the  other  hand,  reinforced 
concrete,  though  high  in  volume,  is  low  in  concrete  flexural  stress,  and  results  in  very 
low  energy-absorbing  capacity.  When  it  has  sufficient  energy-absorbing  capacity,  it  will 
damage  berthing  ships  coming  in  with  high  kinetic  energy. 

(5)  Greenheart  has  a  well  defined  proportional  limit,  it  takes  75  ft-kips  of  energy 
at  6.900  psi  and  225  ft  kips  at  its  safe  proportional  limit  of  12,000  psi  in  the  examples 
computed  for  Table  4.  This  provides  a  wide  range  to  avoid  any,  except  unexpected, 
damages. 

(6)  Internal  strain  energy  due  to  shear  may  be  neglected  in  all  cases  of  three-figure 
accuracy,  though  it  becomes  significant  in  wide-flange  steel  sections.  Those  who  carry  to 
four  or  more  figures  should  not  neglect  this  energy  for  reason  of  consistency  rather 
than  absolute  necessity. 

(7)  Table  4  has  been  computed  for  a  2, 000- ton-class  ship  with  only  150-ft  parallel 
wall  side.  Fender  piles,  if  adequate  for  this  length  of  contact,  will  be  safe  for  larger  ships 
with  longer  contact  lengths,  approaching  at  lower  velocities  and  not  with  full  mass 
acting. 

Working   Formulas  and   Example   for   Round  Fender   Piles 

For  round  fender  piles  of  treated  timber  or  untreated  greenheart  of  average  diameter 
d  ft  (for  convenience  of  writing  equations),  and  vertical  span  L  ft,  by  dropping  the 
second     term    of     Eq.     (10)     for     internal     strain     energy     due     to     shear,     we     have 

W  =  APrL/bEI (21) 

But  Mr  =  144  fl/c  =  288//  /d 

I  =  <*764 

(288)2  *  (PL     , 
Therefore  W  =    6  (16)   4  £    f=  864  Vf/E (22) 

For  Douglas  fir  and  southern  pine  with  £  =  230,000  ksf,  and  /=2.64  ksi  for 
transient  impact  and  triple-energy-level  design, 

W  =  0.0262V     (23) 

For  greenheart  with  £  =  461,000  ksf,  and  /  =  6.90  ksi  for  transient  impact  and 
triple-energy-level  design. 

W  s=  0.0892F     (24) 

where  W  is  in  foot-kips,  and  V  in  cubic  feet. 

To  illustrate  the  simplicity  in  the  application  of  Eqs.  (23)  and  (24),  let  the  impact 
energy  be  75  ft-kips,  vertical  span  of  fender  piles  between  supports  50  It,  and  available 
average  diameter  of  piles  12  in,  the  internal  strain  energy  capacity  <>!  each  pile  is  given, 
for  greenheart,  by: 
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W  =  0.0892   (50)  ir  (l)8/4=  3.50  ft-kips 
Number  of  piles  required  =  75/3.5  =  22 

If  the  shortest  class  of  ship  that  can  berth  alongside  has  a  parallel  wall  side  of  147  ft, 
then 

Spacing  of  fender  piles  =  147/  (22—1)  =  7  ft.. 

Concluding  Remarks 

This  paper  has  demonstrated,  in  particular,  the  development  of  the  energy  design 
criteria  for  fender  piling,  the  soundness  of  its  basic  concept,  the  appraisal  of  impact  en- 
ergy that  may  be  delivered  by  berthing  ships,  the  evaluation  of  internal  strain  energy 
capacity  of  fender  piling,  the  correlation  of  mechanical  properties  of  materials  relevant 
to  triple-energy-level  fendering  design,  the  relative  merits  and  demerits  of  different  mate- 
rials versus  greenheart  when  used  as  fender  piles,  the  simplicity  of  working  formulas  and 
their  ease  of  application. 
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BALLAST  CLEANING 
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(leaner  with  greater  efficiency 

RAIL  GRINDING 


Our  Rail  Grinding  Service  has  been  so  we 
received  we  arc  now  building  a  THIRD  Rail 
Grinding  Train  to  take  care  of  the  increased 
demand 

SPENO  is  constantly  developing  means  for 
heller  service  to  make  sure  that  the  Railroad', 
ret  civc  everything  they  pay  for  —  and  more 
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Do  Your  Crossing  Washers  Meet 
New  A.  R.  E.  A.   Specifications? 
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exclusively  for  crossing  application,  exceeds  by  30%  the 
newly  proposed  A.  R.  E.  A.  specifications  of  10,000  lbs. 
reactive  pressure  at  .050"  release  from  the  fourth 
application  of  a  60,000  lb.  loading,  and  has  a  workable 
range  of  5/16" — for  an  extra  margin  of  safety  in  critical 
applications. 

Pictured  also  are  two  other  important  Eaton  — Rel  ia  nee 
quality  helical  spring  washers,  both  long  accepted  as 
"standards"  in  their  fields,  and  which  every  day  effect 
significant    savings    for    railroads    everywhere. 
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LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
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LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  with  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 
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for  roads  in  every  way . . .  efficiency,  safety, 
economy,  convenience,  easy  application. 

Today's  use  of  borates  for  maximum  control  of 
vegetation  began  years  ago  with  our  pioneer 
work  in  the  field.  Continued  research  has 
developed  the  group  of  herbicides,  listed  above, 
which  most  roads  now  favor  for  every  phase  of 
weed  control.  These  four  weed  killers  are 
nonselective.  They  are  widely  used  for  year- 
round  maintenance  of  weed-free  conditions 
about  trestles,  tie  piles,  yards,  signals,  switches, 
and  rights  of  way.  Find  out  how  you,  too,  can 
do  a  better  job  on  weeds . . .  write  today . 
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Kill  more  weeds  per  mile... per  dollar 
w.h  Liquid  UROX  ! 

Liquid  Urox  Weed  Killer  is  the  first  liquid  —  substituted 
urea-type  herbicide  ever  developed  for  railroads.  It's  fast- 
acting  .  .  .  withers  annual  and  perennial  grasses  as  well  as 
broadleaved  weeds  within  12  hours  after  application,  re- 
gardless of  weather.  It's  long-lasting  .  .  .  just  one  applica- 
tion wipes  out  weeds  and  brush  for  8  to  18  months.  What's 
more,  control  can  be  continued  economically  each  year 
with  small  "booster"  doses. 

Liquid  Urox  is  ideal  for  railroad  spray  trains  .  .  .  doesn't 
need  continuous  agitation  .  .  .  won't  clog  spray  nozzles  .  .  . 
won't  settle  out .  .  .  can  be  mixed  with  fuel  oil,  diesel  oil  or 
ordinary  weed  oils.  Write  today  for  the  complete  story  on 
railroad-proved  liquid  Urox  Weed  Killer. 
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At  today's  prices  for  rail,  ballast, 
crossties  and  labor,  the  replacement  of 
eight  miles  of  main  line  track  costs  a 
railroad  about  a  million  dollars. 
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To  the  American   Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report,  including  recommended   revisions    page  40X 

2.  Extent  of  adherence  to  specifications. 

Progress  report,  presented  as  information    page  40<J 

3.  Substitutes  for  wood  ties. 

Progress  report,  presented  as  information    page  40^ 

4.  Tie  renewals  and  costs  per  mile  of  maintained  track. 

The  annual  statistics  compiled  by  the  Bureau  of  Railway  Economics,  AAK. 
providing  information  about  tie  renewals  and  cost  data  for  1°5°,  were 
published  in  Bulletin  558,  June-July   1960. 

5.  Methods  of  retarding  the  mechanical  wear  of  ties,  including  stabilization 
of  wcod,  and  the  splitting  of  cross  and  switch  ties,  collaborating  with 
Committee  5. 

Tests  are  being  studied  and  evaluated,  but  the  committee  is  not  prepared 
to  present  a  report  at  this  time. 

6.  Bituminous  coating  of  ties  for  protection  from  the  elements. 
Questionnaires  have  been  circulated  to  various  railroads  for  test  data  and 
other  information;  however,  there  has  not  been  sufficient  information  avail 
able  to  warrant  the  committee  preparing  a  report  at  this  time. 

The  Committe]   on  Ties, 

F.  J.  Fudge,  Chairman 

AREA  Bulletin  561,  December  1960. 
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Report  on  Assignment    1 
Revision  of  Manual 

W.  E.  Fuhr  (chairmjn,  subcommittee),  P.  D.  Brentlinger,  L.  C.  Collister,  R.  W.  Cook, 
H.  R.  Duncan,  W.  R.  Jacobson,  W.  L.  Kjhler,  H.  B.  Orr,  R.  R.  Poux,  R.  B.  Rad- 
key,  X.  A.  Salzano,  R.  B.  Smith,  E.  F.  Snyder. 

Your  committee  submits  the  following  recommendations  with  respect  to  Part  1 — 
Cross  Ties  of  Chapter  3  of  the  Manual: 

Page   3-1-1   to   3-1-5,   incl. 

SPECIFICATIONS  FOR  CROSS  TIES 

Reapprove  with  the  following  changes: 

Page  3-1-1.  In  Sec.  A,  Art.  1.  Kinds  of  Wood,  delete  "Chestnut"  in  the  left-hand 
group  of  acceptable  woods. 

Page  3-1-2.  Delete  Sec.  B,  Art.  2.  Resistance  to  Decay. 

In  the  table  under  Par.  (c)  of  Sec.  C,  Art.  1.  Dimensions,  delete  the  asterik  fol- 
lowing the  word  "top"  under  size  1  and  also  the  corresponding  note  at  the  bottom  of 
the  table. 

Under  Sec.  E,  Art.  1.  Place,  delete  the  words  "steamer  lines"  and  "steamer  land- 
ing",  making   the  latter   part   of   the   paragraph   read  as  follows:    " while  away 

from  rail  lines,  and  transport  him  from  and  to  a  railway  station." 

Page  3-1-3.  Change  Sec.  E,  Art.  3.  Decay,  to  read  as  follows:  The  following  decay 
will  be  allowed:  in  cedar  and  in  cypress,  "pipe  or  stump  rot"  and  "peck"  respectively, 
up  to  the  limitations  as  to  holes.  "Blue  stain"  is  not  decay  and  is  permissible  in  any 
wood. 

Change  Sec.  E,  Art.  7.  Split,  to  read  as  follows:  "One  which  is  not  more  than  5  in 
long  will  be  allowed.  The  purchaser  shall  specify  what  anti-splitting  devices  are  to  be 
applied,  if  any." 

Page  3-1-4.  Revise  Sec.  F,  Art.  1.  On  Railway  Premises,  by  adding  the  following 
sentence  at  the  beginning  of  the  paragraph:  "Ties  delivered  for  inspection  shall  be 
stacked  at  suitable  and  convenient  places." 

Delete  Sec.  F,  Art.  4.  Class  U— Ties  Which  May  Be  Used  Untreated. 

In  Sec.  F,  Art.  5.  Class  T— Ties  Which  Should  Be  Treated,  delete  the  word  "Sap" 
wherever  it  appears.  Also  delete  "Chestnut"  in  group  Td. 

Page  3-1-5 

APPLICATION   OF   THE   SPECIFICATION  AS  TO  SIZE 
ACCEPTANCE 

Reapprove  with  the  following  revision: 

Add  an  asterisk  to  Size  3  in  the  first  column,  then  add  footnote  at  bottom  of  chart 
reading  as  follows:  "Railways  which  specify  both  6-in  by  8-in  and  7-in  by  7-in  ties, 
sawed  or  hewed  on  top  and  bottom  only,  and  which  desire  to  separate  the  6-in  from 
the   7-in  ties,  will  designate  the  7-in  by   7-in  ties  as  Size  3A." 


Ties 400 

Pages  3-1-7  and  3-1-8 

SPECIFICATIONS   FOR    MACHINING   CROSS   TIES 

Reapprove  without  change. 


Report  on  Assignment  2 

Extent  of  Adherence  to  Specifications 

P.  D.  Brentlinger  (chairman,  subcommittee),  C.  S.  Burt,  H.  R.  Duncan,  A.  K.  Frost, 
F.  J.  Fudge,  F.  F.  Hornig,  R.  P.  Hughes,  C.  E.  Jackman,  H.  F.  Kanute,  L.  W. 
Killer,  H.  S.  Ross,  N.  A.  Salzano,   R.  B.  Smith,  G.  A.  Williams. 

The  crmmittee  made  one  field  inspection  trip  in  1%0.  An  Eastern  plant  was  visited 
in   June   10C0  to  observe  ties  in  storage   for  an   Eastern   railroad. 

Approximately  2CO,003  cress  ties  were  stored  there  in  seasoning  stacks  for  use  dur- 
ing 1060-61.  The  ties  were  all  sawn,  mostly  oak.  and  were  produced  in  Delaware,  Mary- 
land, Pennsylvania  and  New  Jersey.  Main-line  ties  had  been  dowellcd  whea  green,  and 
side-track   ties  had  two   crinkled   C-shape  irons  in  each  end. 

The  ties  wee  of  go.;d  quality,  w'ell  manufactured  and  neatly  stacked.  The  variance 
in  sizing,  determined  by  actual  ru'er  measurements,  was  well  within  the  tolerances 
expected  by  visual  sizing. 

The  storage  yard  used  for  storage  of  railroad  material  was  clean  and  free  of  debris. 
Stick   foundations  were  solid  and  allowed  free  circulation  of  air. 


Report  on  Assignment   3 
Substitutes  for  Wood  Ties 

M.  J.  Hubbard  (chairman,  subcommittee),  W.  E.  Fuhr.  C.  J.  Code,  L.  P.  Drew,  K.  C. 
Edscorn,  H.  W.  Jensen,  W.  E.  Laird,  H.  B.  Orr,  C.  A.  Peebles,  W.  C.  Reichow, 
C.  V.  S .hutt,  L.  S.  Strchl,  S.  Thorvaldson. 

During  1Q60  several  test  installations  of  prestrcssed  concrete  railroad  ties  were  placed 
in    s  rvice   on   American   railroads.  These  installations  are  on   the   following   roads 

1.  Atlantic  Coast  Line  Railroad 

A  tot  1  of  SOD  ties  of  AAR  Design  E  were  installed  in  the  northbound  track  of  this 
read's  double-track  lir.e  near  Four  Oaks.  \.  C,  150  of  the  ties  being  installed  in  the 
latter  part  of  February  1°50  and  the  remaining  3SC  installed  the  first  pari  of  April 
1060.  The  132-lb  RE  rail  in  this  territory  is  continuously  welded,  and  the  ties  are  spaced 
at  30-in  centers  in  crushed  granite  ballast.  The  alinemen)  is  tangent.  The  tesl  installs 
tion  includes  both  the  channel  Deadlock  and  wedge-nul  type  of  fastening,  with  polj 
ethylene-treated  laminated  hardwood  and  hardboard  pads  under  the  steel  tie  plates 
Both  heat-treated  and  non-heat-treated  bolts  were  used.  Special  rail  clips  were  used 
which  restrict  both  longitudinal  and  vertical  movement  of  the  rail  on  the  tie  plates. 
Insulating  bushings  around  the  bolts,  in  conjunction  with  the  pads,  insulate  the  rails 
from  the  ties  for  track  circuits. 
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2.  Seaboard  Air  Line  Railroad 


A  total  of  600  ties  of  AAR  Design  E  were  installed  in  the  single  track  of  this 
load's  line  near  Tampa,  Fla.,  the  first  part  of  March  1960.  The  ties  were  installed  under 
one  length  of  115-lb  RE  continuous  welded  rail  consisting  of  thirty-four  39-ft  rails  and 
three  39-ft  jointed  rails  at  each  end  of  the  welded  rail.  The  ties  are  spaced  at  30-in 
centers  in  crushed  granite  ballast.  The  alinement  is  tangent.  The  test  installation  in- 
cludes both  channel  headlock  and  wedge-nut  type  of  fastenings  with  polyethylene-treated 
laminated  fir,  treated  laminated  hardwood  and  neoprene  pads  under  the  steel  tie  plates. 
Special  rail  clips  were  used  to  prevent  both  longitudinal  and  vertical  movement  of  the 
rail  on  the  tie  plates.  Insulating  bushings  around  the  bolts,  in  conjunction  with  the  pads, 
insulate  the  rails  from  the  ties  for  the  track  circuits. 

The  Seaboard  Air  Line  installation  included  six  fully  instrumented  ties.  About  four 
months  after  their  installation  the  AAR  Research  Staff  conducted  extensive  tests  on 
these  ties.  In  these  tests  various  factors  were  determined  under  regular  trains  operating 
at  speeds  varying  from  10  to  80  mph,  such  as:  the  actual  bending  moments  in  the  tie 
at  the  center  of  rail  and  center  of  track,  the  dynamic  effects  in  the  ties,  the  percentage 
of  total  axle  load  carried  by  each  tie  for  the  30-in  spacing,  the  damping  effect  of  tie 
pads,  the  influence  of  bolt  tension  on  the  stresses  in  the  clips  and  bolts,  the  stresses  in 
the  rails,  and  the  vertical  movement  of  the  tie  and  rail. 

The  data  secured  during  these  tests  are  now  being  analyzed,  and  a  complete  report 
will  be  published  next  year. 

3.  Western  Pacific  Railroad 

A  total  of  50  ties  of  Ben  Gerwick  design,  modified  by  the  railroad  and  similar  in 
shape  to  German  ties,  were  installed  in  the  slow-speed  approach  track  to  a  ferry  slip 
in  San  Francisco.  Half  of  the  ties  were  made  with  a  lightweight  aggregate  and  the 
other  half  with  crushed-rock  aggregate.  Some  ties  are  spaced  at  26-in  centers,  others 
at  28-in  and  30-in  centers  in  gold  mining  cobble  ballast.  The  tops  of  the  ties  have  a 
slope  of  1  to  40  towards  the  center  of  track  to  give  the  proper  cant  to  the  rail  with  the 
rail  resting  on  flat  plates  without  shoulders.  The  test  installation  includes  three  types 
of  fastenings:  namely,  a  galvanized  insert,  a  through  bolt  with  washer  inserted  from 
the  bottom,  and  a  corrugated  hardwood  dowel  set  in  the  concrete  during  manufacture. 
A  standard  rail  clip  was  used  which  permits  limited  vertical  movement  of  the  rail  on 
the  flat  tie  plates  and  unlimited  longitudinal  movement  of  the  rail.  Treated  marine  ply- 
wood pads  were  used  under  the  steel  plates. 

4.  Duluth,  Missabe  &   Iron  Range  Railroad 

A  total  of  100  ties  of  AAR  Design  E  were  installed  in  the  southbound  track  of 
this  road's  double-track  line  near  Saginaw,  Minn.,  the  middle  of  October  1960.  The  ties 
were  installed  in  continuous  welded  115-lb  RE  rail  territory  at  a  location  where  a  37-ft 
closure  rail  was  used  between  two  stretches  of  welded  rail.  The  ties  were  so  positioned 
in  the  track  that  half  of  the  ties,  with  the  wedge-nut  type  of  fastenings,  were  placed  on 
one  side  of  the  center  of  the  closure  rail,  and  the  other  half,  with  channel  fastenings,  on 
the  other  side.  The  ties  are  spaced  at  26-in  centers  in  high-grade,  coarse,  crushed-rock 
ballast.  Insulating  bushings  around  the  bolts  and  creosoted  hardwood  tie  pads  insulate 
the  rails  from  the  ties  for  track  circuits. 
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To   the  American   Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

No  revisions  have  been  proposed  this  year  under  this  assignment,  but  Man- 
ual  recommendations  are  presented   under  Assignment   7. 

2.  Clearanc2s  ?s  affected  by  girders  projecting  above  top  of  track  rails,  struc- 
tures, third-rail,  signal  and  train  control  equipment,  collaborating  with  Sig- 
nal and  Electrical  Sections,  and  with  Mechanical  and  Operating — Transpor- 
tation Divisions,  AAR. 

Clearance  diagram  for  third-rail  territory  and  equipment  diagram  were 
approved  last  March  fcr  publication  in  the  Manual  under  this  assignment. 
There  is  no  further  progress  to  report  at  present. 

3.  Review  clearance  diagrams  for  recommended  practice,  collaborating  with 
AREA  committees  concerned,  and  the  AAR  Joint  Committee  on  Clearance. 
Euht  clearance  diagrams  were  approved  last  March  for  publication  in  the 
Manual.  Another  is  being  held  in  abeyance  pending  negotiations  between 
AAR  Gr;da  Crossing  Committee  and  the  Bureau  of  Public  Roads. 

4.  Compilation  of  the  railroad  clearance  requirement-  <>i  the  various  states. 
Progress  report,   presented   as  information    page  412 

5.  Clearance  allowances  to  provide  for  vertical  and  horizontal  movements  of 
equipment,  due  to  lateral  play,  weir  and  spring  deflection,  collaborating 
with  the  Mechanical  Division,  AAR. 

Your  committee  has  no  report  at  this  time,  due  to  the  fad  lint  the  data 
secured  in  the  Lackawanna  test-  on  freight  equipment  in  October  1050  have 
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not  been  completely  evaluated.  This  work  is  present ly  in  progress.  Further 
tests  of  this  nature  are  planned  for  piggyback  equipment  in  the  near  future. 

6.  Compilation   in   table   form   of   offsets  for  overhanging  loads  on  curves. 

Progress   report,   presented   as  information    page  412 

7.  Methcds    of    measuring    high    and    wide    shipments,    collaborating    with    the 
Mechanical  Division,  AAR. 

Progress  report,   with   recommendations  submitted  for  adoption  and   publi- 
cation  in   the   Manual    page  413 

The  Committee  on  Clearances, 

J.  G.  Greenlee,  Chairman. 


AREA  Bulletin  561,  December  1960. 


Report  on  Assignment  4 

Compilation   of  the   Railroad   Clearance   Requirements 
of  the  Various  States 

J.  F.  Smith  (chairman,  subcommittee),  J.  D.  Batchelder,  S.  M.  Dahl,  J.  G.  Greenlee, 
C.  F.  Intlekofer,  W.  P.  Kobat,  E.  E.  Mills,  J.  R.  Moore,  R.  C.  Nissen,  J.  F.  Pearce, 
R.  A.  Skooglun,  J.  W.  Wallenius,  H.  G.  Whittet,  Jr.,  R.  L.  Williams,  M.  A.  Wohl- 
schlaeger. 

Ycur  ccmmittee  submits  as  information  the  accompanying  chart  showing  the  clear- 
ance requirements  of  the  various  states,  brought  up-to-date  as  of  October  1,  1960.  The 
chart  is  in  a  completely  new  form,  which,  the  committee  believes,  conveys  more  informa- 
tion with  greater  clarity  than  the  previous  clearance  chart. 


Report  on  Assignment  6 

Compilation  in  Table  Form  of  Offsets  for  Overhanging 
Loads  on  Curves 

W.  P.  Kobat  (chairman,  subcommittee),  J.  D.  Bitche'der,  C.  O.  Bird,  E.  S.  Birkenwald. 
D.  H.  Brown,  R.  D.  Erhardt,  J.  E.  Gord,  J.  G.  Greenlee,  C.  W.  Hamilton.  C.  F. 
Intle'cofer,  M.  L.  Koehler,  J.  W.  McMillen,  R.  C.  Nissen,  W.  S.  Ray,  R.  A.  Skoog- 
lun, J.  W.  Wagner,  R.  L.  Will.ams,  M.  A.  Wohlschl:.eger. 

Your  ccmmittee  submits,  as  information,  two  tabulations  showing  offsets  for  over- 
hanging loads  on  curves,  with  the  view  of  submitting  them  as  Manual  material  at  some 
future  date.  Sheet  1  gives  the  offsets  for  a  1-deg  curve  at  the  middle  of  car  or  load  for 
distances  belween  truck  centers  ranging  from  20  to  65  ft.  This  sheet  also  presents  illus- 
tra'.ions  2nd  examples.  Sheet  2  gives  the  end  off.ets  for  a  1-deg  curve  for  end  overhang 
ranging  frcm  6  to  40  ft. 

The  purpose  cf  these  tabulations  is  to  save  time  in  calculating  clearances  for  exces- 
sive-dimensioned shipments  on  curves. 
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LEGAL  CLEARANCE   REQUIREMENTS 


REGULATION 
REFERENCE 


CASE  R-1012     1956 


C.  0  26-0      1948 


:;:  mn     952 


DOM  6995      1956 


OSDER  214      1955 


:  •■-   ;  '  ..»■  : 


ORDER  1871      1953 


DOM  A-I28I     1936 
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ORDER  50136    1953 


MASSACHUSETTS         STATUTES 


STATUTES     '  1957 


ORDER  2597     1956 


■•'■>  -;»:;-=:       '■:"-  ■-  .     -■■ 


ORDER  2202     195? 


STATUTES       1943 
OSDER  26531     1958 


DOM  608      1955 


SOUTH  DAKOTA        ORDER  f-2465    1957 
ESSEE  STATUTES       1943 
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Report  on  Assignment  7 

Methods  of  Measuring  High  and  Wide  Shipments 
Collaborating  with  Mechanical  Division,  AAR 

R.  A.  Skooglun  (chairman,  subcommittee),  J.  D.  Batchelder,  C.  O.  Bird,  D.  H.  Brown 
J.  G.  Greenlee,  VV.  F.  Hart,  W.  P.  Kobat,  M.  L.  Kochlcr.  J.  W.  McMillen,  E.  E 
Mills,  J.  F.  Pearce,  C.  E.  Peterson,  J.  F.  Smith,  J.  W.  Willenius,  R.  L.  Williams, 
H.  G.  Whittet.  Jr. 

Your  committee  now  submits  for  approval  and  publication  in  the  Manual  the  draw- 
ing en. i. led:  "Suggested  Measuring  Devices  for  Checking  Oversize  High-Wide  Loads", 
whi:h  was  presented  as  informaticn  with  last  year's  report  (Proceedings,  Vol.  61,  1060, 
page  SSS).  This  drawing  has  been  reviewed  by  the  Mechanical  Division,  AAR. 

This  drawing  may  be  used  exactly  as  presented  or  with  such  modifications  as  may 
be  necessary  or  desirable  to  meet  the  needs  of  individual  railways. 

In  brief  this  drawing  includes: 

1.  A  fixed  device  for  the  measurement  of  high-wide  loads  that  can  be  placed  in  a 
permanent  position,  either  within  or  without  a  protecting  structure.  Cars  to  be  checked 
are  switched  into  positicn  at  the  measuring  device.  Calibrated  horizontal  and  vertical 
measuring  reds,  shown  on  plan,  are  then  inserted  into  the  holes  at  the  side  and  top  of 
the  device,  furnishing  direct  readings  as  to  the  width  and  height  of  load  without  the 
necessity  of  add  ng  or  subtracting  any  constant. 

2.  A  mobile  device  for  the  measurement  of  high-wide  loads  th.;t  can  be  placed  in  a 
permanent  position  on  appropriate  running  rails  either  within  or  without  a  protecting 
structure.  Cars  to  be  checked  do  not  require  switching,  and  width  and  height  of  loads 
are  then  obtained  similar  to  the  fixed  device. 

3.  A  portable  device  that  can  be  set  up  at  any  location  in  a  yard  or  wherever  cars 
are  located  that  require  measurements.  Measurements  are  made  with  calibrated  rods 
similar   to   the  fixed  device. 

4.  A  form  for  reporting  of  lading  on  open-top  cars,  which  is  self-explanatory. 
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Committee 

To   the   American   Railway   Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

2.  Steel  truss  spans. 

At  the  expense  of  the  Pittsburgh  &  Lake  Erie  Railroad,  a  service  test  was 
made  during  1Q60  on  a  160-ft  through  span,  a  165-ft  deck  span,  a  195-ft 
through  span,  and  a  265-ft  through  span;  likewise,  at  the  request  and 
expense  of  the  Monogahela  Connecting  Railroad  in  Pittsburgh,  strain  gage 
readings  were  taken  on  various  members  of  a   105-ft  °-in  truss  span. 

.*.  Viaduct  columns,  collaborating  with  Committee  15. 

Xo  progress  was  made  on  this  assignment  this  year.  Generally  this  assign- 
ment has  been  progressed  in  conjunction  with  tests  on  other  subjects.  How- 
ever, the  type  of  structures  which  were  tested  and  analyzed  this  year  pre- 
cluded  the   possibility   of  any   progress   on   this  assignment. 

4.  Longitudinal   forces  in   bridge  structures,  collaborating  with  Committees  7, 
8  and   15. 

This  assignment  has  been  progressed  in  conjunction  with  tests  on  other 
subjects.  However,  the  tests  that  were  completed  and  the  reports  that  were 
prepared  this  year  did  not  lend  themselves  to  progressing  this  assignment. 
The  committee  is,  however,  in  the  process  of  preparing  a  summary  of  the 
reports  that  have  been  made  on  the  subject  to  serve  as  a  guide  for  future 
work  when  additional  testing  becomes  possible. 

5.  Distribution  of  live  load  in  bridge  floors:   (a)  Floor  consisting  of  transverse 
beams,    (b)    Floors  consisting  of  longitudinal   beams. 

Progress   report,   presented   as  information    page  41  r» 
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6.  Concrete  structures,  collaborating  with   Committee  8. 

Progress  report,   presented  as  information    page  417 

7.  Timber  structures,  collaborating  with  Committee  7. 

A  report  on  tests  conducted  on  60-ft  long  glued  laminated  girders  in  a 
Weyeirnuser  Lumber  Company  bridge  on  a  logging  spur  near  Lcngview, 
Wash.,  is  being  prepared  for  review  this  year.  It  is  expected  that  this  report 
will  be  published  next  year. 

8.  Vibrational  characteristics  of  bridges  affecting  deflections  and  depth  ratios. 
An  analytical  study  was  started  in  the  Department  of  Civil  Engineering. 
New  York  University,  in  January  1958,  to  determine  the  effects  of  various 
parameters  on  the  vibrational  characteristics  of  railroad  bridges.  A  method 
of  analysis  has  been  developed  and  programmed  for  solution  by  use  of  a 
digital  computer,  and  a  few  preliminary  studies  have  been  completed. 
However,  this  study  has  been  suspended  for  the  present,  because  of  lack  of 
funds. 

9.  Use   of   electronic   computers   for   railroad   bridge   problems. 

Progress  report,   presented  as  information    page  418 

10.  Steel  ccntinuous  structures,  collaborating  with  Committee  15. 

Progress   report,   presented  as  information    page  418 

11.  Composite   design   of   steel   structures  having   concrete   decks,   collaborating 
with  Committees  8  and  15. 

Work  during  the  year  consisted  of  assembling  ideas  regarding  the  type 
of  research  on  this  subject  that  will  be  of  greatest  value  and  interest  to 
railroad  engineers  without  duplicating  the  extensive  research  already  carried 
out  or  being  done  by  others.  Actual  testing  and  preparation  of  reports  has 
been  deferred  because  of  lack  of  funds. 

The  Committee  on  Impact  and  Bridge  Stresses, 

D.  W.  Musser,  Chairman. 
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Report  on  Assignment  5 
Distribution  of  Live  Load  in  Bridge  Floors 

(a)  Floors  Consisting  of  Transverse  Beams 

(b)  Floors  Consisting  of  Longitudinal  Beams 

N.  M.  Newmark  (chairman,  subcommittee),  D.  S.  Bechly,  E.  S.  Birkenwald,  J.  W. 
Davidson,  K.  L.  D:Blois,  R.  J.  F  sher,  J.  F.  Hoss,  Jr.,'  C.  H.  Newlin,  E  W  Pren- 
tiss, J.  E.  South,  E.  N.  Wilson,  L.  W.  Wood. 

The  work  on  this  assignment  has  dealt  mainly  with  the  completion  of  analyses  and 
the  development  of  suitable  design  procedures  for  the  floor  systems  of  steel  railway 
bridges. 

During  the  period  covered  by  this  report,  additional  results  were  obtamed  using 
analytical   methods   developed   previously,   to   indicate   the   effect   of   diaphragms   on   the 
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floor  system  behavior.  By  combining  these  results  with  those  obtained  previously,  it  has 
been  pcssib'.e  to  obtain  approximations  of  the  effects  of  the  many  variables  affecting 
the  behavior  of  the  various  types  of  floor  systems  and  to  develop  suitable  design  pro- 
cedures. In  most  cases,  direct  simp  ifiratiors  of  the  mathematical  relation-hips  for  the 
behavior   were   made  in  the  devclcpmcnt  of  the   design   procedures. 

Design  procedures  have  been  developed  to  obtain  be.  m  moments  for  the  following 
typ3s  of  bridges: 

(a)  Bridges  with  transverse  floorbeams  with  slab. 

(b)  Bridges  with  transversa  floorbeams  without  slab. 

(c)  Bridges  with  longitudinal  beams  with  slab. 

(d)  Bridges  with  longitudinal  beams  without  slab. 

A  complete  report  has  been  prepared  summarizing  the  analytical  methods,  correla- 
tions with  test  resulls,  numerical  results  and  the  suggested  design  procedures,  and  is 
being  reviewed  by  the  committee. 


Report  on  Assignment  6 

Concrete  Structures 
Collaborating  with  Committee   8 

P.  L.  Montgomery  (chjirntnn,  subcommittee),  J.  W.  Davidson,  W.  E.  Dowling,  C.  E. 
E'rberg,  Jr.,  X.  E.  Ekrem,  J.  A.  Erskine,  J.  F.  Hoss,  Jr.,  K.  H.  Lenzen,  C.  V.  Lund, 
J.  Michalos,  N.  M.  Newmark,  L.  P.  Nicholson,  A.  L.  Piepmcier,  A.  P.  Smith,  F.  W. 
Thompson,  J.  R.  Williams,  J.  D.  Woodward. 

A  report  on  tests  conducted  by  the  Association  of  American  Railroads  research  staff 
on  a  Southern  Railway  three-span,  prestressed-concrete,  double-track  bridge  near  Dry 
Fork,  Va.,  appears  in  Bulletin  558,  June-July  1Q60. 

E:ch  track  is  supported  by  six  rectangular  beams,  26  ft  center  to  center  of  bear- 
ings. Trains  operated  over  the  bridges  at  speeds  up  to  87  mph,  yet  the  maximum  re- 
corded strains  and  deflections  did  not  exceed  the  calculated  values.  Maximum  recorded 
impact  was  only  about  60  percent  of  that  specified  by  current  AREA  Specifications. 

For  comparative  purposes,  a  laboratory  investigation  was  made  on  a  full-size  speci- 
men having  the  same  characteristics  as  those  tested  in  the  field.  In  addition,  a  beam  with 
an  I  section  was  tested  statically.  Results  of  the  laboratory  investigation  correspond 
favorably  with  th  se  obtained  firm  previous  tests.  Both  beams  carried  approximately 
three  times  the  design  load  before  failure. 

A  report  on  tests  conducted  on  a  68-in  by  74-in  II)  elliptic  -ally  shaped  reinforced 
concrete  pipe  under  a  fill  of  about  40  ft  on  the  Louisville  &  Nashville  Railroad  is  being 
prepared  for  review  this  year.  It  is  expected  that  this  report  will  be  published  next  year 
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Report  on  Assignment  9 
Use  of  Electronic  Computers  for  Railroad  Bridge  Problems 

E.  R.  Andrlik  (chairman,  subcommittee),  D.  S.  Bechly,  W.  E.  Dowling,  J.  Michalos, 
P.  L.  Montgomery,  W.  H.  Munse,  M.  J.  Plumb,  E.  W.  Prentiss,  H.  C.  Prince,  L.  F. 
Spaine,  G.  S.  Vincent,  J.  R.  Willkms,  E.  N.  Wilson. 

The  computer  program  developed  last  year  for  calculating  shears,  moments,  cross- 
girder  reactions  and  Cooper  E  ratings  due  to  moving  loads  on  simple  spans  has  been 
used  to  prepare  moment  and  shear  tables  for  25  representative  special  heavy  railroad 
cars.  During  1060  these  tables  were  distributed  in  book'.et  form  to  the  chief  engineers 
of  Member  Roads.  Tables  for  other  special  heavy  railroad  cars  can  be  added  to  the 
publication  as  the  need  for  them  develops. 

At  present  the  committee  is  considering  developing  a  program  for  solving  truss 
stresses  that  would  be  useful  to  the  railroads  in  rating  railroad  truss  bridges. 


Report  on  Assignment   10 

Steel  Continuous  Structures 

Collaborating  with  Committee   15 

A.  R.  Harris  (chairman,  subcommittee),  E.  R.  Andrlik,  J.  M.  Bentham,  E.  S.  Birken- 
wald,  J.  W.  Davidson,  D.  J.  Eng'e,  R.  J.  Fisher,  A.  T.  Granger.  J.  F.  Marsh,  W.  H. 
Munse,  D.  W.  Musser,  H.  C.  Prince,  C.  B.  Smith. 

A  report  on  tests  conducted  by  the  AAR  research  staff  on  three  Southern  Pacific 
Company  continuous  steel  railroad  bridges  located  near  Lakeland,  Calif.,  appears  in 
Bulletin   558,  June-July   1060. 

This  report  contains  a  description  and  analysis  of  field  tests  on  three  continuous 
bridges:  a  three-span  continuous  deck-plate  girder,  a  two-span  continuous  through-plate 
girder  with  a  skewed  center  pier,  and  a  three-span  continuous  deck  truss.  The  bridges 
are  located,  respectively,  on  a  3-deg  curve,  on  the  spiral  of  a  2-deg  curve,  and  on  a 
tangent  Trains  operated  over  these  bridges  through  a  full  tange  of  speeds;  however, 
in  no  case  did  the  recorded  impact  exceed  that  recommended  by  the  present  AREA 
design  specifications  for  continuous  bridges.  The  recorded  static  live-load  strains  and 
moments  were  generally  in  good  agreement  with  the  calculated. 


Report  of  Committee  29 — Waterproofing 


K.  A.  JOHNSON,  Chairman, 
R.  J.  Brueske, 
Vice  Chairman, 

(E)  Member  Emeritus. 


W.  H.  Acker,  Jk. 
A.  L.  Becker 

D.  E.  Bra* 

I.n  l  e    Bristow 

N.    W.    BR1  MS 

W.   H.   Bl  m.i 

A.    E.    C  A  WOOD 

(1.  \V.  Clarvoe 
P.   D.  Davis 
A.  E.  Dri.iK 
John  Ford 

E.  T.  Franzen 

J.    M.    GlLMORE 

W.  P.  Hendrix 
E.  K.  Herxinc 
S.  B.  Holt 
J.  R.  Iwinski 
R.  L.  Mays 
L.  H.  Needs  \m 


B.  J.  Ornburn 

E.  F.  Pascii  u 

H.      V    P ASM  AN 

R.  A.  Peteritas 
Milton  Pikarsky 

R.  D.  Powkii, 
A.  P.  Rn  si 
W.  E.  Robkv 
Jack  Schmtoi 

F.  S.  Schubert 
Henry  Seitz 
R.   I.   SlMKINS 

T.  M.  VON  Sprecken 
J.  W.  Weber 

C.  A.  Whipple  (E) 

H.    J.    WlLKINS 

J.  M.  Williams 
KB.  Wood 

Committee 


To  the  American  Railway  Engineering  Association: 

Your   committee   reports   on    the   following   subjects: 

1.  Revision  of  Manual. 

Progress    report,    with    recommendations    submitted    for    adoption    (see    also 

report  on  Assignment  2)    page  420 

2.  Waterproofing  membranes  for  bridge  decks,  collaborating   with   Committees 
S  and  15. 

Final  report  on  tests  of  waterproofing  membranes  and  materials,  submitted 
as  inform  ition,  and  revision  of  the  Specifications  for  Waterproofing  Mem- 
branes, submitted  for  adoption  and   publication   in   the   Manual    page  424 

3.  Coatings   for  dampproofing   railway   structures,   collaborating   with   Commit- 
tees 6  and  8. 

N'o  report. 

4.  Protective  cover  and  underlayment  for  membrane. 
No  report. 

5.  Investigate    the   waterproofing   qualities    of   epoxy    resins   and    related    matt- 
rials,  collaborating  with   Committees  7  and   IS. 

Since  future  studies  of  epoxy  resins  will  be  undertaken  by  Committee  7  in 
collaboration  with  Committee  15,  Committee  20  has  furnished  Committee 
7  with  a  list  of  suggested  uses  of  epoxies  as  waterproofing  agents. 

The  Committee  on  Waterproofing, 

E.  A.  Johnson.   Chairman, 
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Report   on   Assignment    1 
Revision  of  Manual 

R.  J.  Brueske  (chairman,  subcommittee),  W.  H.  Acker,  Jr.,  E.  T.  Franzen,  J.  M.  Gil- 
more,  W.  P.  Hendrix,  E.  A.  Johnson,  Mikon  Pikarsky,  W.  E.  Robey,  Henry  Seuz, 
T.  M.  von  Sprecken. 

Your   committee   submits  for   adoption   the   following   recommendations  with   respect 
to   Ch  ipter  29  of  the  Manual: 


Pages   29-1-1    to   29-1-4,   incl. 

PRINCIPLES    GOVERNING    THE    WATERPROOFING    OR 
DAMPPROOFING   OF    RAILWAY   STRUCTURES 

Reappiove  without  change. 


Because  of  the  large  number  of  revisions  proposed  in  the  Specifications  for  Water 
proofing  Coatings  for  Exposed  Concrete  Surfaces,  Manual  pages  29-4-1  to  29-4-5,  inck, 
and  the  changes  made  in  the  designations  of  headings,  articles  paragraphs,  etc.,  it  was 
considered  desirable  to  present  these  specifications  in  rewritten  form  rather  than  attempt 
to  call  attention  to  each  individual  change  or  revision.  Accordingly,  your  cemmittee 
recommends  deletion  of  the  specifications  now  appearing  on  Manual  page  20-4-1  to 
20-4-5,  inck,  and  the  substitution  therefor  of  the  following  rewritten  version. 


SPECIFICATIONS    FOR    WATERPROOFING    COATINGS 
FOR    EXPOSED    CONCRETE    SURFACES 

A.  GENERAL 

1.  Scope 

These  specifications  apply  to: 

a.  Waterproofing  coatings  intended  as  surface  waterproofers  on  concrete  exposed 
to  outdoor  weathering  to  prevent  concrete  surface  deterioration  by  retarding  or  pre- 
venting entrance  of  water  through  the  exposed  surface,  and 

b.  The  procedure  for  the  acceptance  testing  of  such  surface  waterproofing  coatings.* 

2.  Limitation 

Waterproofing  coatings  should  not  be  used  on  surfaces  that  are  reached  by  water 
passing  through  the  concrete,  such  as  abutments  or  retaining  walls,  the  backs  of  which 
were  not  waterproofed  or  on  which  the  waterproofing  has  failed,  permitting  water  to 
pass  through  to  the  face.  The  use  of  a  waterproofing  coating  on  such  a  surface,  which 
retards  or  prevents  the  escape  of  water,  will  result  in  earlier  concrete  deterioration  than 
if  the  exposed  face  had  not  been  coated. 

These  specifications  do  not  apply  to  surface  coatings  for  interior  walls  or  other 
surfaces  that  are  not  expossd  to  outdoor  weather  conditions. 


*  Tests  on  a  large  number  of  waterproofing  coatings  hive  shown  that  none  of  these  is,  strictly 
speaking,  waterproof.  Coatings  weir  found  to  be  Water  resistant  in  widely  varying  degrees.  The  more 
impermeable  coatings  were  fairly  waterproof.  The  term  "waterproof"  has  been  retained  in  these 
specifications    to   cover    products   commercially   designated   as    waterproofing   coatings. 
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3.  Uses 

These  specifications  cover  waterproofing  coatings  that  are  applicable  for  use  on 
exposed  surfaces  such  as  handrails,  parapets,  stairwells,  piers,  concrete  pile-,  caps,  col- 
umns, etc.,  and  the  faces  of  abutments,  wing  walls,  and  retaining  wall-,  the  backs  of 
which  have  been  effectively  sealed  to  prevent  the  entrance  i  i   water 

4.  Preparation  of  Surface 

Before  applying  the  coating,  the  surface  shall  be  cleaned  of  all  dirt  and  loose  or 
foreign  material  by  sandblasting,  the  use  of  wire  brushes,  or  washing  with  water. 

Spalled,  cracked  or  honeycombed  areas  shall  be  repaired  in  accordance  with  AREA 
Specifications  for  Repairing  and  Solidifying  Concrete,  Part  14.  Chapter  8. 

It  is  recommended  that  new  concrete  be  permitted  to  cure  for  at  least  one  year 
before  applying  a  waterproofing  coating. 


B.  ACCEPTANCE  TEST 

1.  General 

A  material  to  be  used  as  a  waterproofing  coating  must  satisfactorily   withstand  the 
acceptance   tests  set   forth   in   these  specifications. 

2.  Criteria   for  Acceptance 

The  criteria  for  acceptance  shall  be  the  ability  of  a  coating  applied  to  concrete  test 
specimens  to  pass  the  requirements  of: 

a.  The  72-hr   immersien   test    (Art.   5). 

b.  The  freeze  and  thaw  test   (Art.  6). 

c.  The  final   72-hr  immersion   test    (Art.   7). 

3.  Concrete   Test   Specimens 

a.  Specimens 

At  least  three  specimens  1  in  by  i  in  by  8  in  shall  be  prepared  lor  each  water- 
proofing coating  being  tested. 

b.  Materiah 

The   concrete   test   specimens   shall   be   fabricated   from   material-   conforming   to   ap- 
plicable AREA  specifications  for  concrete   (see  Chapter  S). 
Cement — Type  1  or  Type  2. 

Coarse  Aggregate — Crushed  stone  or  gravel  to  be  i  f  cue  size,  which  passes  a  J-Jj-in 
sieve,  and  all  of  which  is  ret  lined  on  a  No.  4  sieve  (47r>0  micron 

c.  Mix  D 

The  concrete  mix  from  which  the  specimens  are  fabricated  -hall  contain  o  (plus  or 
m'nus  0.5)  sack-  i  i  cement  per  cubic  yard  and  have  a  water-cement  ratio  of  0.60  (plus 
or  minus  0.02)  by  weight.  The  line  aggregate  and  coarse  aggregate  -hall  be  proportioned 
in  a  ratio  ol   1  to  1  by  volume. 

d.  Fabricating 

The  fresh  concrete  shall  be  thoroughlj    mixed  either  mechanically  or  by  hand,  tare 
fully  placed  and  rodded  in  molds  forming  test  specimens  measuring  l  in  by  .<  in  by  8  in 
The  specime-s  sha'l  be  cast  with  the  .<-in  d'pien-i   n  as  the  vertical  dimension.  The  mold- 
shall  be  covered  with  dam;)  cloths  for  24  hr..  after  which  time  the  specimens  -hall  he 
removed    from    the   mold 
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e.  Curing 

Immediately  after  fabricating,  the  specimens  shall  be  cured  in  fresh  water  at  room 
temperature  for  7  days.  The  specimens  shall  then  be  removed,  all  surface  moisture 
blotted  or  wiped  off,  and  weighed  (Wi).  At  this  weighing,  the  specimen  is  assumed  to 
be  holding  all  the  moisture  that  it  can  hold  under  these  test  conditions. 

At  the  end  of  7  days  curing  in  water,  the  specimens  shall  be  removed  and  placed 
in  an  oven  to  dry  for  7  days.  The  temperature  of  the  oven  to  be  held  at  90  (plus  or 
minus  5)  deg  F,  and  the  relative  humidity  inside  the  oven  shall  be  less  than  30  percent 
during  the  drying  period. 

4.  Coating  the  Test  Specimens 

a.  Preparing  the  Specimens  for  Coating 

The  specimens  shall  be  removed  from  the  oven  at  the  end  of  7  days  and  etched 
with  a  15-percent  solution  of  muriatic  acid  and  immediately  rinsed  in  fresh  water  for 
complete  removal  of  the  acid.  The  specimens  shall  then  be  placed  back  in  the  90-deg-F 
oven  for  48  hr  of  drying.  They  shall  be  removed  and  weighed   (Ws). 

b.  Application   of  Coatings 

The  waterproofing  coating  shall  be  applied  to  three  concrete  test  specimens,  all  in 
a  like  manner,  in  accordance  with  manufacturer's  instructions  as  to  number  of  coats 
and  methods  of  applications.  The  test  specimens  are  to  be  coated  in  the  same  manner 
and  method  as  proposed  for  use  on  the  structure  to  be  waterproofed. 

Carefully  coat  each  specimen  so  that  all  surfaces  shall  be  covered.  Each  successive 
coat  shall  be  permitted  to  dry  thoroughly  before  applying  the  next  coat. 

c.  Determination  of  Number  of  Applications  Required 

If  the  number  of  coats  required  for  effective  waterproofing  has  not  been  predeter- 
mined, apply  a  varying  number  of  coats  to  each  group  of  three  test  specimens,  i.e.,  one 

coat,   two   coats,   three   coats    Three   like-coated   test   specimens  are  required   for 

each  series  of  tests. 

d.  Curing  the  Coatings 

(1)  Cement-base  coatings  shall  be  cured  in  a  moist  atmosphere  of  not  less  than  98 
percent  relative  humidity  for  4  days,  followed  by  3  days  in  a  90-deg-F  oven. 

(2)  All  other  types  of  coatings  are  to  be  cured  as  follows:  after  the  last  coat  has 
dried  so  that  the  specimens  can  be  handled,  the  specimens  shall  be  placed  in  a  90-deg-F 
oven  for  a  period  of  7  days  in  order  to  cure  the  coating. 

e.  Weight   of  Coating 

At  the  end  of  7  days,  the  specimens  shall  be  removed  from  the  oven  and  weighed 
(Ws).  The  difference  between  this  weight  (W3)  and  the  weight  (Wz),  determined  prior 
to  the  application  of  coating,  shall  be  the  weight  of  the  coating  (Wc).  That  is  Wc  = 
W3  —  W2. 

The  weight  of  the  coating  thus  determined  shall  be  subsequently  deducted  from  the 
weight  of  the  specimens  after  being  immersed  in  water  for  72  hr. 

5.  The   Immersion  Test 

a.  Procedure 

After  the  coated  specimens  have  been  cured  and  weighed,  they  shall  be  immersed 
in  water  at  room  temperature  for  a  period  of  72  hr.  The  specimens  shall  then  be  re- 
moved, all  surface  moisture  blotted  or  wiped  off,  and  weighed  (Wi). 
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b.  Requirements  for  Acceptance 

The  acceptance  of  a  waterproofing  coating  shall  be  cbtermined  by  the  ability  of  the 
coating  to  prevent  the  absorption  of  water  by  the  test  specimens. 

The  capacity  of  the  specimen  for  the  absorption  of  water  before  the  immersion  test 
sha'l  be  measured  by  the  d  fference  in  weight  Wi  of  the  specimen  (Art.  3d)  and  the 
weight  Wt  when  prepared  for  coating  (Art.  4a).  This  difference  in  weight  to  be  expressed 
as  D;  that  is,  D—W,  —  W~. 

The  capacity  of  the  specimen  for  the  further  absorption  of  water  after  the  immer- 
sion test  shall  be  measured  by  the  difference  in  weight  Wi  of  the  specimen  (Art.  3d) 
and  the  weight  W,  of  the  specimen  after  the  immersion  test  (Art.  5a)  less  the  weight  Wc 
of  the  coatings  (Art.  4e).  This  difference  in  weight  to  be  expressed  as  d;  that  is,  d  = 
Wi—iWi—Wc). 

c.  Efficiency  Determination 

The  efficiency  E  of  the  coating  is  the  average  of  the  three  test  specimens  and  is  a 
measure  of  the  impermeability  of  the  coating.  E  in  percent  =  100  d/D. 

To  be  acceptable  under  this  test,  the  efficiency  of  any  coating  must  be  85  percent 
or  higher,  as  determined  by  the  average  of  three  test  specimens.  If  the  efficiency  of  any 
one  of  the  specimens  falls  below  85  percent,  it  must  not  vary  more  than  5  percent  from 
the  average  of  the  group. 

If  the  waterproofing  coating  passes  the  requirements  of  this  section,  the  test  speci- 
mens shall  then  be  subjected  to  the  freeze-and-thaw  weathering  test  in  accordance  with 
Art.  6a. 

6.  Freeze-and-Thaw  Weathering  Test 

a.  Procedure 

The  coated  specimens  which  have  met  the  requirements  of  Art.  5  shall  be  subjected 
to  50  cycles  of  freezing  and  thawing  as  outlined  below.  During  this  test,  there  shall  be 
no  signs  of  deterioration  of  the  coatings  upon  visual  inspection. 

The  specimens  shall  be  frozen  in  air  at  a  temperature  of  0  (plus  or  minus  5)  deg  F, 
and  thawed  in  water  at  130  (plus  or  minus  5)  deg  F  at  the  rate  of  3  cycles  per  day. 
The  specimens  shall  be  in  the  freezer  from  9  am  to  12  noon,  1  to  4  pm,  and  5  pm  to 
8  am.  The  freezer  shall  be  of  such  capacity  that  when  filled  with  test  specimens  it  will 
lower  the  temperature  at  the  center  of  a  test  specimen  to  10  (plus  or  minus  2)  deg  F 
in  less  than  1  hr.  but  in  not  less  than  30  mn.  When  the  freezer  is  only  partially  filled 
with  test  specimens,  dummy  specimens  shall  be  used  to  keep  the  freezing  load  constant. 

b.  Requirements  for  Acceptance 

If  a  coating  should  blister,  crack  or  peel,  or  otherwise  fail  during  the  freeze-and- 
thaw  test,  this  shall  be  a  cause  for  rejection. 

If  a  coating  meets  the  requirements  of  this  section,  the  coated  specimens  shall  be 
subjected  to  the  final  72-hr  immersion  test  as  outlined  in  Art.  7. 

7.  The  Final  72-Hr   Immersion  Test 

a.  Procedure 

Coated  specimens  which  have  met  the  requirements  of  Arts.  5  and  6  shall  be  sub- 
jected to  a  final  72-hr  immersion  test  in  accordance  with  the  test  procedure  outlined  i« 
Art.  5. 

To  be  accepted  under  thi>  test,  the  efficiency  must  be  85  percent  or  higher,  as  deter- 
mined by  the  average  of  three  tesl   specimens.  If  the  efficiency  of  any  one  of  the  speci- 
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mens  falls  below  85   percent,  it   must   not   vary   more  than   5   percent   from  the  average 
of  the  group. 

The  efficiency  E  sh  ill  he  determined  as  set  forth  in  Art.  5c. 

b.   Requirements  for  Final  Acceptance 

To  be  finally  accepted,  the  waterproofing  coatings  shall  have  met  the  requirements 
of  Arts.  5,  6,  and  7  of  these  specifications. 


Report  on  Assignment  2 

Waterproofing  Membranes  for  Bridge  Decks 

Collaborating   with   Committees   8   and    15 

E.  T.  Franzen  (chairman,  subcommittee),  D.  E.  Bray,  P.  A.  Davis,  M.  W.  Bruns,  G.  W. 
Clarvoe,  E.  K.  Herling,  H.  A.  Pasman,  R.  D.  Powrie,  Jack  Schmidt,  J.  M.  Williams. 

Your  committee  has  been  active  on  two  fronts,  namely,  supervising  tests  of  water- 
proofing membranes  and  materials  at  the  AAR  Research  Center  in  Chicago  and  revising 
the  Specifications  for  Membrane  Waterproofing. 

The  tests  of  waterproofing  membranes  and  materials  have  been  completed  and 
advance  report  entitled:  "The  Ability  of  Various  Waterproofing  Membranes  to  Bridge 
Cracks  That  Might  Develop  in  the  Ccncrete  on  Which  they  Are  Applied"  was  published 
in  Bulletin  559,  September-October   1%0. 

Work  on  revision  of  the  Specifications  for  Membrane  Waterproofing  has  also  been 
completed;  they  have  been  completely  rewritten. 

Accordingly,  ycur  committee  recommends  deletion  of  the  Specifications  for  Water- 
proofing Membranes,  Manual  pages  29-2-1  to  29-2-13,  incl.  (except  Fig.  1  on  page 
29-2-11  which  will  be  retained),  substituting  therefor  the  following  rewritten  specifica- 
tions: 

SPECIFICATIONS    FOR    MEMBRANE    WATERPROOFING 

A.  GENERAL 

1.  Scope 

These  specifications  apply  to  materials  and  construction  methods  for  an  impervious 
membrane  and  auxiliary  components  to  protect  structures  or  parts  of  structures,  except 
roofs  of  buildings,  from  the  harmful  effects  of  water.  The  membrane  shall  consist  of 
bituminoui-saturated  layers  of  felt  or  fabric  and  meppings  of  the  same  bituminous 
materijl.  Typical  structures  which  require  waterproofing  are  described  in  Sec.  B  of 
Principles  Governing  the  Waterproofing  or  Dampproofing  of  Riiiway  Structures,  Part  1, 
this  Chapter. 

2.  Design 

Sec.  A  of  Principles  Governing  the  Waterproofing  or  Dampproofing  of  Railway 
Structures,  Part  1,  this  Chapter,  enumerates  the  principles  which  shall  govern  the  water- 
proofing of  railway  structures.  Structures  which  require  waterproofing  shall  be  designed 
so  that  they  c:n  be  waterproofed  by  the  methods  and  with  the  materials  rpec'fied  herein. 
Sperial  care  shall  be  taken  to  provide  flexibihty  in  the  waterproofing  membrane  or  in 
the  joints  between  sactions  of  membrane  at  expansion  joints  or  at  tho^e  lecations  where 
deflection   deformation   mav   cause  excessive  stretching  of  the  membrane.   Care  shall  be 
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taken  to  seal  effectively  or  flash  all  places  where  the  waterproofing  membrane  terminates, 
such  as  along  the  webs  of  girders. 

Right-angle  bends  should  be  avoided  by  u-ing  rounded  or  chamfered  edges  on  out- 
side corners  and  suitable  fillet  en  inside  c  rners.  An  underlayment  of  Portland  cement 
concrete  or  bittmncus  mstic  may  be  used  under  the  membrane  waterproofing  on  steel 
deck  bridges  to  cover  rough  or  uneven  surfaces  or  to  provide  slope  for  drainage. 

Requirement-  affecting  details  of  waterproofing  given  in  Chapter  8 — Masonry,  and 
Chapler   15 — Iron  and  Steel   Structures,  should  be  observed  in  design  of  the  structure. 

3.  Types 

The  membrane  shall  consist  of  one  of  the  following  types,  as  illustrated  on  Fig.  1: 

A.  Two   livers  of  bitumen-tie  itcd  cotton  fabric  and  three  moppings  of  bitumen. 

B.  Three  layers  of  bitumen-treated  cotton  fabric  and  four  mopping?  of  bitumen. 

C.  Two  layers  of  bitumjn-treated  felt,  one  middle  layer  of  bitumen-treated  cotton 
fabric  and  four  meppings  of  bitumen. 

D.  Four  layers  of  bitumen-treated  felt,  one  middle  layer  of  bitumen-treated  cotton 
fabiic  and  six  moppings  of  bitumen. 

For  normal  conditions,  Type  B  or  C  membrane  is  recommended. 

B.  MATERIALS 

1.  General 

Bitumen  sha'l  consist  of  asphalt  or  coal-tar  pitch.  The  mopped-on  material  shall 
be  asphalt  for  use  with  asphalt-saturated  felt  or  fabric  and  coal-tar  pitch  for  use  with 
coal-tir-saturated  felt  or  fabric. 

2.  Primer 

a.  Asphal'.ic  Primer 

Asphaltic  primer  sha'l  meet  the  requirements  of  ASTM  Specifications,  designation  D 
41-41. 

b.  Creosote   Primer 

Creosote  for  priming  for  use  with  coal-tar  pitch  shall  meet  the  requirements  of 
VSTM  Specifications,  designation  D  43-41. 

3.  Membrane 

a.  Asphalt    fur  Mopping 

Asphalt  shall  meel  the  requirements  of  ASTM  Specification-,  designation  D  449-49. 
This  specification  requires  a  choice  of  Types  A,  B  or  C  where  the  basis  of  choice  depends 
on  conditions  relating  to  use.  Type  H  asphalt  shall  he  used  for  membranes  on  ballasted- 
deck  railroad  brid  ;es. 

b.  Coal-Tar  Pitch  fur  Mopping 

Coal-tar  pitch  .-hill  meet  requirements  of  ASTM  Specifications  designation  I)  450- 
41.  The  use  of  this  specification  requires  a  ('mire  of  Types  A  or  H  where  the  basis  of 
choice  depends  on  conditions  relating  to  use  rype  A  coal-tar  pitch  shall  be  used  for 
membranes  on  ballasted-deck  railroad  bridges. 

c.  Fa  brie 

Fabric  sfa  II  meet  the  requirements  of  AS  I'M  Specifications,  designation  I)  173  44. 
covering  woven  cotton  fabrics  saturated  with  a  bituminous  substance.  The  use  of  this 
specification   requires  a  choice  of  asphalt  meeting  ASTM  Specifications,  designation   I' 
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440-40  or  coal  tar  pitch  meeting  the  requirement  of  ASTM  Specifications,  designation  D 
450-41   as  a  saturant. 

d.  Felt 

(1)  Felts  for  use  with  an  asphalt  mopping  shall  meet  the  requirements  of  ASTM 
Specifications,  designation  D  226-56.  This  specification  offers  a  choice  of  two  weights 
of  felt.  The  15-lb  weight  shall  be  used  for  construction  of  membranes  on  ballasted-deck 
railroad  bridges. 

(2)  Felt  for  use  with  coal-tar  pitch  moppings  shall  meet  the  requirements  of  ASTM 
Specifications,  designation  D  227-56. 

4.   Membrane  Protection 

a.  Asphalt  Plank 

Asphalt  plank  shall  meet  the  requirements  of  ASTM  Specifications,  designation  D 
517-50.  Asphalt  plank  used  for  protection  of  waterproofing  membranes  shall  be  plain 
and  have  a  minimum  thickness  of  1*4  in. 

b.  Brick 

Brick  protection  shall  meet  the  requirements  of  Type  "M"  industrial  floor  brick  of 
ASTM  Specifications,  designation  C  410-57T  or  paving  brick,  ASTM  Specifications, 
designation  C  7-42.  The  size  of  the  brick  shall  be  2l/2  in  by  4  in  by  %y2  in. 

c.  Portland  Cement  Concrete 

Materials  for  portland  cement  concrete  shall  meet  the  requirements  of  Specifications 
for  Concrete  and  Reinforced  Concrete  Railroad  Bridges  and  Other  Structures,  Part  1, 
Chapter  8,  of  the  AREA  Manual.  The  concrete  shall  be  air  entrained,  have  a  minimum 
cement  content  of  6  sacks  per  cubic  yard  and  a  maximum  water  content  of  6  gal  per 
sack.  The  maximum  size  of  coarse  aggregate  shall  be  Y\  in. 

The  concrete  shall  be  reinforced  with  wire  fabric  which  shall  meet  the  requirements 
of  ASTM  Specification,  designation  A  185-58T.  The  minimum  gage  of  the  wires  shall 
be  No.  12  and  the  wire  shall  have  a  maximum  spacing  of  6  in.  in  both  directions. 

d.  Asphalt  Mastic 

Asphalt  mastic  shall  be  composed  of  asphalt  mixed  with  mineral  aggregates  and 
mineral  filler.  The  mastic  shall  be  poured  in  place  and  mixed  and  proportioned  in  ac- 
cordance with  requirements  of  Art.  4b,  Sec.  C. 

(1)  Asphalt  shall  meet  the  requirements  of  ASTM  Specifications,  designation  D  449- 
49  Type  B. 

(2)  Coarse  mineral  aggregate  shall  be  well  graded  crushed  stone  or  washed  gravel 
that  will  meet  the  requirements  of  ASTM  Specifications,  designation  D  692-54  size  8 
(Y%  in  to  No.  8).  It  shall  be  free  from  soft  particles,  organic  matter  and  other  deleterious 
material. 

(3)  Fine  mineral  aggregate  shall  be  well  graded  washed  sand  that  will  meet  the 
requirements  of  ASTM  Specifications,  designation  C  33-57  for  fine  aggregate. 

(4)  Mineral  filler  shall  be  portland  cement,  finely  ground  limestone  or  fineiy  ground 
silica.  The  portland  cement  shall  meet  the  requirements  of  Specifications  for  Concrete 
and  Reinforced  Concrete  Railroad  Bridges  and  Other  Structures,  Part  1,  Chapter  8, 
of  AREA  Manual.  The  finely  ground  limestone  and  silica  shall  meet  the  following 
requirements: 

Passing  a  No.  200   (74  micron)   sieve — minimum  75  percent. 
Passing  a  No.  30   (590  micron)   sieve — minimum   100  percent. 
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e.  Coal  Tar  Pitch  Mastic 

Coal-tar  pitch  mastic  shall  be  composed  of  coal-tar  pitch  mixed  with  mineral  ag- 
gregates and  mineral  filler.  The  mastic  shall  be  poured  in  place  and  mixed  and  propor- 
tioned in  accordance   with   the  requirements   of  Art.  4c,  Sec.  C. 

(1)  Coal-tar  pitch  for  mastic  shall  meet  the  requirements  of  ASTM  Specifications, 
designation  I)  450-41,  Type  A. 

(2)  Requirements  for  coarse  mineral  aggregate  shall  be  the  same  as  shown  above 
in  Art.  4d  (2)   of  this  Section. 

(3)  Requirement  for  fine  mineral  aggregate  shall  be  the  same  as  shown  above  in 
Art.  4d  (3)  of  this  Secti:  n. 

(4)  Requirements  for  mineral  filler  shall  be  the  same  as  shown  above  in  Art.  4d 
(4)  of  this  Section. 

5.  Underlayment 

Portland  cement  concrete  and  bituminous  mastic  for  underlayment  shall  meet  the 
requirements  of  similar  materials  specified  in  Arts.  4c,  4d  and  4e  above. 

6.  Sealing  Compounds  for  Joints  and  Edges 

Hot-poured  elastic-type  joint  sealer  shall  meet  the  requirements  of  ASTM  Specifica- 
tions, de  ignation   D   1100-52T. 

Plastic  cements  fcr  cold  application  for  sealing  joints  and  edges  are  generally 
proprietary  products.  The  literature  of  the  several  manufacturers  should  be  studied,  and 
the  eng'neer  shall  select  a  material  which  will  best  serve  the  purpose  as  governed  by 
conditions  of  use. 

7.  Anti-Bonding  Paper 

Anti-bonding  paper  shall  be  a  tough  paper  that  shall  be  impervious  to  the  bitumi- 
nous material  applied  to  the  membrane.  It  shall  have  a  weight  not  less  than  5  lb  per 
ICO  sq  ft. 

8.  Inspection  and  Tests 

a.  Materials  shall  be  sampled  and  tested  by  the  current  methods  recommended  by 
ASTM. 

b.  The  acceptance  of  any  material  by  the  inspector  shall  not  be  a  bar  to  their  sub- 
sequent rejection  if  found  defective.  Rejected  material  shall  be  promptly  removed  from 
the  job  and  replaced  with  acceptable  materials. 

c.  No  material  shall  be  used  until  it  has  been  accepted  by  the  engineer. 

C.  CONSTRUCTION 
1.  General 

Membrane  waterproofing  shall  not  be  applied  when  the  atmospheric  temperature 
is  below  50  F  without  written  permission  of  the  engineer.  Surfaces  to  be  waterpr*  ofed 
shall  be  dry  and  clean.  Projections  or  depressions  on  the  surface  on  which  the  mem- 
brane is  to  be  applied  that  may  cause  injury  to  the  membrane  shall  be  removed  or  filled 
as  directed  by  the  engineer. 

There  shall  be  no  depressions  or  pockets  in  horizontal  surfaces  of  the  finished 
waterproofing.  The  membrane  shall  be  carefully  turned  into  drainage  fittings.  Special 
care  shall  be  taken  to  m:ke  the  waterproofing  effective  along  the  sides  and  ends  of 
girders  and  at  stiffeners,  gussets,  etc. 
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2.  Primer 

Surfaces  to  be  protected  with  isphalt  waterproofing  shall  be  given  one  coat  of 
asphaltie  primer  before  the  first  mopping  of  asphalt.  Surfaces  to  be  protected  with  coal- 
tar  pitch  waterproofing  shall  be  given  one  co;t  of  creosote  pr'mer  before  the  first  mop- 
ping of  coal-tar  pitch.  A  minimum  of  1  gal  of  primer  per  100  sq  ft  of  surface  shall  be 
used.  The  primer  sha'l  be  applied  .'.pproximately  24  hr  before  applying  the  waterproofing 
membrane. 

At  construction  joints,  the  primer  shall  be  omitted  for  a  width  of  9  in  of  each  side 
of  the  joint,  and  a  strip  of  antibondmg  paper  18  in  wide  laid  thereon  before  the  mem- 
brane is  applied. 

3.  Membrane 

a.  Coal-tar  pitch  shall  not  be  heated  above  300  F.  Asphalt  shall  not  be  heated  above 
350  F. 

b.  The  surface  to  be  waterproofed  shall  be  mopped  in  sections  slightly  wider  than 
the  strip  of  fabric  or  felt  to  be  placed.  While  the  mopping  of  bitumen  is  hot,  a  strip  ' 
of  cotton  fabric  or  felt  shall  be  laid  on  the  mopping  and  pressed  into  place.  The  amount 
of  bitumen  used  for  each  mcpping  shall  not  be  less  than  4l/2  gal  per  100  sq  ft  of  surface. 

Lapping  of  layers  of  felt  or  fabric  shall  be  in  accordance  with  one  of  the  types 
shown  on  Fig.  1.  Ends  of  fabric  and  felt  shall  be  lapped  a  minimum  of  12  in  where 
necessary  to  splice  the  material  in  a  strip. 

c.  On  surfaces  that  are  vertical  or  nearly  vertical,  the  strips  of  fabric  or  felt  shall 
be  laid  vertical  or  in  the  direction  of  the  slope.  On  other  surfaces  the  strips  shall  be 
lapped  in  accordance  with  one  of  the  types  shown  in  Fig.  1,  beginning  at  the  lowest 
part  of  the  surface  to  be  waterproofed.  Sufficient  fabric  or  felt  shall  be  allowed  for 
suitable  lap  or  anchorage  at  the  upper  edge  of  the  surface  to  be  waterproofed. 

d.  The  work  shall  be  regulated  so  that  at  the  end  of  the  day,  all  fabric  or  felt  that 
has  been  laid  shall  have  been  mopped. 

e.  The  waterproofing  membrane  shall  be  free  from  punctures  or  folds.  Patching 
shall  be  done  only  with  permission  of  the  engineer.  Where  patching  is  permitted  for 
defective  waterproofing,  it  shall  extend  a  minimum  of  12  in  beyond  the  outer-most  edge 
of  the  defective  portion.  The  second  and  each  succeeding  ply  of  the  patch  shall  extend 
at  least  3  in  beyond  the  preceding  ply. 

4.  Protective  Cover 

a.  General 

The  protective  cover  shall  be  placed  over  the  membrane  as  soon  as  practicable 
after  the  membrane  has  been  laid.  Dirt  and  other  foreign  material  shall  be  removed  from 
the  surface  of  the  membrane  before  the  protective  cover  is  placed. 

One  of  the  following  methods  of  protection  shall  be  used: 

(1)  A  layer  not  less  than   V/2  in  thick  of  hot-mixed  hot-laid  bituminous  mastic. 

(2)  A  layer  of  asphalt  plank  not  less  than  1*4  in  thick. 

(3)  A  layer  of  reinforced  portland  cement  concrete  not  less  than  2  in  thick. 

(4)  A  course  of  brick  not  less  than  2^4  in  thick. 

b.  Bituminous  Mastic 

Bituminous  mastic  shall  be  poured  in  p'ace  and  be  either  asphalt  mastic  cr  coal-tar 
pitch  mastic.  The  asphalt  mastic  shall  be  used  with  membranes  where  asphalt  is  used 
for  mopping  and  the  coal-tar  pitch  mastic  used  with  membranes  where  coal-tar  pitch 
is  used  for  mopping. 
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(1)  Proportioning:  Asphalt,  aggreg:tes  and  mineral  filler  for  poured-in-p!ace  asphalt 
maslic  shall  be  mixed  in   the  following  proportions  by  weight.  The  proportions  shall  be 
varied  within  the  specified  limits  to  give  a  mastic  of  the  greatest  density  and  stability 
The  exact  proportions  are  to  be  specified  by  the  engineer. 

Asphalt     Qr;    to   12'  , 

Coarse    aggregate    33%  to  40% 

Fine    aggregate     33%  to  37% 

Mineral   filler    15%  to  19% 

The  coal-tar  pitch,  aggregates  and  mineral  filler  for  poured-in-place  coal-tar  pitch 
mastic  shall  be  mixed  in  the  following  proportions  by  weight.  The  proportions  shall  be 
varied  within  the  specified  limits  to  give  a  mastic  of  the  greatest  density  and  stability. 
The  exact  proportions  are  to  be  specified  by  the  engineer. 

Coal-tar   pitch    12%  to  16% 

Coarse    aggregate    30%  to  40% 

Fine  aggregate   30%  to  40% 

Mineral   filler    15%  to  20% 

(2)  Mixing:  The  bitumen  for  poured-in-place  mastic  shall  be  melted  in  kettles  ap- 
proved by  the  engineer  and  shall  be  of  the  type  that  will  permit  accurate  control  of  the 
temperature.  During  preheating  end  mixing  the  coal-tar  pitch  shall  not  be  heated  above 
300  F  and  the  asphalt  shall  not  be  heated  above  350  F. 

The  coarse  and  fine  mineral  aggregates  shall  be  mixed  and  heated  to  a  temperature 
not  less  than  225  F  nor  mere  than  the  temperature  of  the  bitumen.  The  aggregates  shall 
then  be  mixed  with  heated  bitumen  with  a  suitable  mechanical  mixer  or  iron  stirring 
rods  until  all  pieces  of  the  agjrejate  are  covered  with  bitumen  and  the  aggregates  dis- 
tributed uniformly  throughout  the  mixture.  The  mineral  filler  shall  then  be  sdded  and 
uniformly  incorporated  in  the  mixture.  Care  shall  be  taken  during  the  mixing  process 
to  avoid  local  overheating  cf  the  mixture.  All  equipment  used  in  preparing  and  p'acing 
the  mastic  shall  be  clean  with  special  precautions  used  to  avoid  mixing  asphalt  and 
coal-tar  materials. 

(3)  Placing:  Bituminous  mastic  may  be  laid  on  one  thickness  of  anti-bonding  paper 
placed  on  top  of  the  membrane.  The  mjstic  shall  be  poured  in  place  while  hot  and 
shall  be  placed  in  layers  not  more  than  Y\  in  thick  except  by  written  permission  of  the 
engineer.  The  thickness  of  the  layers  shall  be  gaged  by  wocd  or  metal  strips  held  in  posi- 
tion by  suitable  weights  and  the  layers  brought  to  the  required  thickness  with  spreaders 
and  floats.  Joints  shall  be  lapped  not  le-s  than  6  in. 

The  top  layers  of  the  bituminous  m  s'.ic  shall  be  finished  to  the  required  grade  and 
to  a  smooth  surface.  As  soon  as  the  top  layer  of  the  ma  tl«  is  finished  it  shall  be  given 
a  mopping  of  hot  bitumen  of  the  same  type  as  used  in  the  mastic  and  sanded  to  a 
walking  surface  while  hot. 

r.  Asphalt   Plank 

Aspha't  plank  protection  shall  be  laid  in  h  t  asphalt  applied  at  not  less  than  S 
gal  per  103  sq  ft.  As  successive  planks  are  laid,  the  edges  and  ends  of  adjacenl  plank- 
already  laid  shall  be  coated  heavily  with  hoi  asphalt.  The  asphalt  used  with  the  asphalt 
plank  protection  shall  be  the  same  as  specified  foi  mopping  in  V  .,  Sec.  B.  The 
planks  shall  be  la"d  tightly  against  those  previouslj  laid  so  that  the  asphalt  will  c  m- 
pletely  til  the  joints  and  be  squeezed  out  at  the  top.  After  all  planks  have  been  laid, 
any  joints  nut  completely  filled  shall  be  filled  with  hot  asphalt 
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d.  Portland  Cement   Concrete  Protection 

Portland  cement  concrete  shall  be  mixed  in  accordance  with  the  requirements  t  f 
Specifications  for  Concrete  and  Reinforced  Concrete  Railroad  Bridges  and  Others  Strut  - 
tures,  Part  1,  Chapter  8  of  the  AREA  Manual.  It  shall  be  reinforced  with  one  layer 
of  wire  fabric  as  specified  in  Art.  4c,  Sec.  B.  Traffic  shall  not  be  allowed  on  the  con- 
crete until  it  is  adequately  cured  as  judged  by  the  engineer. 

e.  Brick  Protection 

Brick  protection  shall  be  laid  over  the  entire  membrane  except  that  concrete  shall 
be  used  around  drainage  castings  and  other  places  shown  on  the  plans.  The  joints  be- 
tween bricks  shall  be  filled  with  hot  bitumen  immediately  after  the  bricks  have  been  laid 
except  that  when  used  on  a  vertical  wall  or  a  steep  slope,  the  brick  shall  be  laid  in 
Portland  cement  mortar. 

5.  Underlayment 

Portland  cement  concrete  and  bituminous  mastic  for  underlayment  shall  be  propor- 
tioned, mixed,  and  placed  in  accordance  with  the  requirements  of  Arts.  4b  and  4d,  Sec. 
B,  for  similar  materials. 

6.  Sealing  Joints  and  Edges 

Joints  shown  on  the  plan  to  be  filled  with  a  joint  sealing  compound  shall  be  filled 
where  possible  with  a  hot-poured  elastic-type  joint  sealer.  Edges  of  membranes  and 
vertical  or  steeply  sloped  portions  of  the  joints  shall  be  sealed  with  a  cold-applied 
plastic  cement. 

The  following  precaution  (from  ASTM  Specifications,  designation  D  1190-52T) 
should  be  observed  in  using  hot-poured  elastic-type  joint  sealer: 

Some,  if  not  all,  of  the  known  materials  conforming  to  these  specifications  may  be 
damaged  by  heating  to  too  high  a  temperature  for  too  long  a  time.  C:re  should  be 
exercised  to  secure  equipment  for  heating  that  is  suitable  for  the  purpose.  The  material 
should  be  heated  in  a  kettle  or  tank,  constructed  as  a  double  boiler,  with  the  space  be- 
tween the  inner  and  outer  shells  filled  with  oil,  asphalt  or  other  m:terial  for  heat  trans- 
fer. Positive  temperature  control  and  mechanical  agitation  should  be  provided.  (Xher 
methods  of  indirect  heating  satisfactory  to  the  engineer  might  be  used.  Direct  heating 
must  not  be  used.  Control  of  the  treatment  of  the  material  may  be  effected  through  flow 
tests  made  on  specimens  prepared  frcm  the  material  as  applied  to  the  joint.  At  least 
twice  daily  or  at  such  times  as  the  engineer  may  direct,  specimens  for  the  flow  test 
should  be  prepared  and  tested.  The  flow  should  not  exceed  2.0  cm. 
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To  the  American  Railway  Engineering  Association: 

Your   committee   reports  on   the   following   subjects: 

1.  Revision  of  Manual. 

See  reports  on  Assignments  2,  3,  4,  5,  6  and  7. 

2.  Des'gn   of   masonry   structures,   collaborating   with   Committees    1,   S,   6,    7. 
15,   28,  29  and  30. 

Progress  report  submitted  as  information,  and  specifications  for  rigid  frame 

bridge-  .submitted  for  adoption  and  publication  in  the  Manual   page  432 

3.  Foundations   and   earth   pressures,   collaborating   with   Committees    1,   6,   7, 
15  and  30. 

Progre  s  report  submitted  as  information;  also  recommended  reapproval 
or  revisions  of  Manual  material  on  footing  foundations,  on  retaining  walls 
and  abutments,  and  on  crib  walls   page  438 

4.  Deterioration  and  repair  of  masonry  structures. 

Progress  report,  including  recommended  revisions  of  Manual  miterial  on 
shotcrete,  en  repairing  and  solidifying  masonry  structures,  and  on  stone 
masonry    page  443 
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5.  Tunnel  lining-:  Design,  construction  and  maintenance,  collaborating  with 
Committees  1,  5,  17,  28  and  29. 

Final  report,  recommending  reapproval  with  revisions  of  Manual  material 

on   lining   railway   tunnels    pjge  445 

6.  Prestressed  concrete  for  railway  structures,  collaborating  with  Committee  6. 
Report  on  specifications  for  prestressed  concrete  previous'y  published  and 
now  submitted,  with  minor  revisions,  for  adoption  and  publication  in  the 
Manual      page  446 

7.  Quality   of  concrete  and  mortars,  collaborating  with  Committee  6. 
Progre:s    report    submitted    as    information,    and    list    of    revised    ASTM 
specification    references    submitted    for    adoption    and    publication    in    the 
Manual      page  447 

10.  Method:    of    construction    with    precast-concrete    structural   members,    col- 
laborating with  Committee  6. 

Report    on   suggested    practice   for   precast   concrete   structural   units,   sub- 
mitted  as   information    page  449 

The  Committee  on  Masonry, 

E.  A.  McLeod,  Chairman. 

AREA  Bulletin  561,  December  1960. 

MEMOIRS 

<©.  $.  Cfaerlp  C.  9.  Whipple 

Committee  8  announces  with  regret  the  death  during  the  past  year  of  two  of  its 
Members  Emeritus. 

G.  F.  Eber'y,  retired  assistant  maintenance  engineer,  Baltimore  &  Ohio  Railroad, 
died  en  September  16,  I960.  H3  joined  AREA  in  1913,  become  a  Life  Member  in  1948, 
served  on  Ccmmittee  8  from   1931   to   1949  and  was  elected  Member  Emeritus  in  1954. 

C.  A.  Whipp'e,  retired  district  engineer,  Chesapeake  &  Ohio  Railway,  died  on 
February  24,  1960.  He  joined  AREA  in  1928,  became  a  Life  Member  in  1953,  served  on 
Committee  8  from  1030  to  1953  and  was  elected  Member  Emeritus  in  1954. 

Report  on  Assignment  2 

Design  of  Masonry  Structures 

Collaborating  with  Committees   1,  5,  6,  7,  15,  28,  29  and  30 

J.  U.  Estes  (chairman,  subcommittee),  H.  C.  Brown,  E.  F.  Cathers,  E.  J.  Daily,  H.  M. 
Dalziel,  N  O  Geuder,  Sr.,  F.  A.  Kempe,  Jr.,  A.  N.  Laird,  F.  A.  Russ,  Jr.,  Anton 
Tedesko,  D.  V.  Wigal. 

Your  ccmmittee  is  currently  reviewing  the  specifications  for  reinforced  concrete 
culvert  pipe  and  the  specifications  for  concrete  transmission  poles. 


Your   committee    submits   the   following    recommendation    with    respect    to    Part   8, 
Chapter  8  of  the  Manual. 
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Pages  8-8-1   to  8-8-9,  incl. 


SPECIFICATIONS   FOR   RIGID-FRAME   CONCRETE   BRIDGES- 
BRIDGES  OF  ONE  SPAN 

Delete,  substituting  the  following: 

SPECIFICATIONS    FOR    REINFORCED    CONCRETE    RIGID-FRAME 
BRIDGES   OF   ONE  SPAN 

A.  DEFINITION  AND  TYPES 

1.  Definition 

The  term  rigid-frame  bridge  is  here  used  to  me  in  a  bridge  in  which  the  deck  is 
structurally  integral  with  approximately  vertical  abutments  (resting  on  individual  foot- 
ings) either  or  both  of  which  may  vary  in  section.  Tension  ties  to  withstand  the  thrust 
may  be  used. 

2.  Types 

Rigid-frame  bridges  may  be  built  either  with  or  without  ribs  and  may  have  cither 
curved  or  straight  semis.  The  structure  without  ribs  is  referred  to  as  a  slab  bridge.  In 
the  ribbed  bridge,  the  deck  structure  consists  of  ribs,  or  beams,  supporting  a  deck  slab. 
The   ribs  may   be   reinforced  near   the  knees   by   transverse  slabs  at   the   interior   face.* 

B.  GENERAL  SPECIFICATIONS 

Current  Specifications  for  Design  of  Plain  and  Reinforced  Concrete  Members,  Part 
2,  Chapter  8  of  the  AREA  Manual  shall  apply  to  reinforced  concrete  rigid-frame  bridges, 
except  as  otherwise  provided  herein. 

C.  PRINCIPLES  OF  DESIGN 
1.  Assumptions  in  Design 

The  following  assumptions  shall  be  nude  in  the  design  of  the  structure: 

(a)  Moment  of  Inertia — For  the  purpose  of  computing  bending  moments,  the  mo- 
ments of  inertia  of  any  secticn  shall  be  assumed  to  lie  that  of  the  uncracked  section 
taken  entirely  acrcss  the  bridge,  inciudin<:  only  the  structural  elements.  The  effect  of 
reinforcement  may  be  disregarded. 

(b)  Modulus  of  Elasticity — In  computing  stresses  produced  by  distortions  due  to 
change  of  temperature  or  shrinkage  and  by  movements  of  the  footings,  the  value  of  E 
shall  be  assumed  as  3,000,000  psi. 

(c)  Modular  Ratio — In  computing  internal  stresses,  the  value  of  the  mrdular  ratio 
"n"  shall  be  assumed  as  specified  in  Sec.  D,  Art.  1  of  Specific  Minns  for  De  ign  of  Plain 
and  Reinforced  Concrete  Members,  Part  2,  this  Chapter. 

fd)  Unless  hinges  or  connection  detai's  permit  rotation  at  footings,  analyses  foi 
stresses  near  the  tcps  of  footings  .-hall  be  made  on  the  assumptii  n  thai  Mir  bases  "t 
footiim-  are  fixed. 

The  following  additional  assumptions  may   lie  made  in   the  design  of  the   structure: 
(e)    Location  and  Direction   of  Axes  of  Members — The  axis  of   the   deck   coincides 
with  the  centrcidal  axis  of  the  gross  deck  section,  and  the  axis  i  i  each  abutmenl  con 
nects  the  centroids  of  the  gross  abutment  just  above  the  footing  an  1  jusl   below  deck 


'The  slab-type  bridge  will   usually  prove  more  economical   for  spans  up  to   SO   f(    and  should   I" 
considered  for  moderate-length  spans. 
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(f)  Restraint  of  Longitudinal  Movement  of  Deck — Longitudinal  movement  of  the 
deck  as  a  whole,  except  that  which  results  from  dead  load,  is  restrained. 

2.  Loads  and  Deformations  to  be  Considered  in  Design 

In  the  design  of  rigid  frame  bridges  the  following  loads  and  deformations  shall  be 
considered: 

(a)  Dead  Load, 

(b)  Live  Load — Live  load  shall  be  of  the  intensity  and  distribution  specified  in 
Sec.  C,  Art.  3  of  Specifications  for  Design  of  Plain  and  Reinforced  Concrete  Members, 
Part  2,  this  Chapter. 

(c)  Impact  Load — Impact  load  shall  be  the  percentage  of  live  load  specified  in 
Sec.  C,  Art.  4  of  Specifications  for  Design  of  Plain  and  Reinforced  Concre.e  Members, 
Part  2,  this  Chapter. 

(d)  Earth  Pressure — Earth  pressure  against  the  abutments,  including  the  effect  of 
surcharge,  when  applicable,  shall  be  considered,  in  accord: nee  with  current  Specifications 
for  Design  of  Retaining  Walls  and  Abutments,  Part  5,  this  Chapter. 

(e)  Temperature  Change — An  80-deg  F  range  of  temperature,  assuming  a  coefficient 
of  thermal  expansion  of  0.000006  shall  be  considered,  unless  local  climatic  conditions 
require  a  different  range. 

(f)  Volume  Change — Volume  change  in  setting  equivalent  to  a  drop  in  temperature 
of  30  deg  F  shall  be  considered,  unless  materials  or  methods  of  construction  are  used 
which  eliminate  or  reduce  this  effect. 

(g)  Spread  of  Footings — Horizontal  spread  of  footings,  depending  on  the  horizontal 
forces  and  the  properties  of  the  foundation  and  backfill  material,  sh:ll  be  considered. 
(In  the  absence  of  definite  data  an  initial  assumption  of  a  movement  of  Yi  in  at  each 
footing  is  recommended). 

(h)  Tractive,  Braking,  Wind  and  Centrifugal  Forces — Where  the  stresses  produced 
by  these  forces  are  sufficient  to  affect  the  design,  their  effect  shall  be  considered. 

3.  Allowable  Unit  Stresses 

The  unit  stresses  allowable  in  the  design  of  rigid  frame  bridges  for  various  com- 
binations of  dead  load,  live  load,  impact  and  earth  pres:ure  shall  conform  to  those  speci- 
fied in  Specifications  for  Design  of  Piain  and  Reinforced  Concrete  Members,  Part  2, 
this  Chapter. 

For  the  combination  of  stresses  due  to  dead  load,  live  load,  impact  and  earth  pres- 
sure with  those  due  to  temperature  and/or  volume  change,  the  allowable  unit  stresses 
shall  conform  to  Sec.  D,  Art.  4  of  Specifications  for  Design  of  Plain  and  Reinforced 
Concrete  Members,  Part  2,  this  Chapter.  If  the  combination  of  stresses  a'so  includes 
these  due  to  spread  of  footings,  the  permissible  increase  in  unit  stresses  shall  be  33% 
percent  in  lieu  of  25  percent. 

4.  Articulation  at  Footings 

Rotation  of  the  abutment  due  to  change  in  length  of  the  deck  may  be  provided  by 
flexure  of  the  abutment  near  the  top  of  the  footing,  by  definite  mechanical  articulation 
or  by  rotation  of  the  footing.  Unless  a  definite  hinge  or  a  connection  designed  to  p:rmit 
rotation  is  provided,  analyses  for  stresses  near  the  top  of  the  footing  shall  be  made  on 
the  assumption  of  a  fixed  footing. 
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5.  Preliminary   Design 

An  initial  approximate  design  for  the  proportioning  of  all  sections  except  those  near 
the  center  of  the  span  and  near  the  tops  of  the  footings  may  be  made  by  assuming  the 
structure  to  act  as  an  arch  having  hinges  at  the  center  of  the  span  and  near  the  top  of 
each  footing. 

The  sections  near  the  center  of  the  span  may  be  proportioned  on  the  assumption 
that  the  deck  acts  as  a  beam  fixed  at  the  ends. 

6.  Critical  Combinations  of  Loads 

The  fcllowing  combinations  of  loads  will  determine  the  design  at  critical  sections, 
using  the  unit  stresses  specified  in  Sec.  C,  Art.  3  above: 

(a)  Section  Near  the  Center  of  Span: 

1.  Dead  load,  live  load  and  impact. 

2.  Dead  load,  live  load,  impact,  drop  in  temperature  and  shrinkage. 

3.  Dead   load,   live   load,   impact,   drop   in   temperature,   shrinkage  and  spread   of 
footings. 

(b)  Sections  Near  the  Knee: 

1.  Dead  load,  live  load,   impact   and  active  earth   pressure. 

2.  Dead   load,   live   load,   impact,  active   earth   pressure  and   rise   in   temperature. 

(c)  Footings: 

1.  Dead   load,   live   load,   impact  and   rise  in   temperature. 

7.  Methods  of  Analysis 

Shears,  bending  moments  and  direct  stresses  shall  be  determined  by  the  theory  of 
elasticity  in  accordance  with  the  above  assumptions. 

Internal  stresses  shall  be  computed  by  the  theory  of  flexure  as  commonly  applied 
to  sections  of  reinforced  concrete.  Any  recognized  method  of  analyzing  statically  inde- 
terminate structures  may  be  used. 

D.  DETAILS  OF  DESIGN 
1.  Foundations  and  Footings 

Footing;  shall  either  be  founded  on  rock,  substantially  unyielding  material,  or  piles. 

If  the  footings  are  founded  on  piles,  there  shall  be  a  sufficient  number  of  the  piles 
battered  to  provide  the  necessary  resistance  to  the  horizontal  thrust. 

The  bearing  areas  of  the  footings  shall  be  proportioned  so  that  the  allowable  pres- 
sures on  the  foundations  shall  not  be  exceeded  and  settlements  shall  be  approximately 
uniform. 

In  case  horizontal  movement,  as  a  result  of  the  horizontal  component  of  the  thrust, 
appears  possible,  the  effect  of  such  movement  shall  be  investigated.  Each  footing  shall 
be  so  designed  that  the  resultant  pres.ure  will  preferably  be  within  the  middle  third  of 
the  base  and  as  close  to  the  center  as  practicable. 

Insofar  as  practicable,  the  forces  tending  to  produce  sliding  of  the  abutment  shall 
be  resisted  by  direct  bearing  on  the  foundation.  Where  this  is  impracticable,  the  fric- 
tional  resistance  of  the  footing  slab  on  the  foundation  and  the  bearing  resistance  of 
abutting  undisturbed  material  against  the  back  of  the  footing  may  be  considered  as 
assisting  the  stability  against  sliding.  Additional  resistance  in  iv  be  provided,  if  required, 
by   the  construction  of  a   key,  or  drop  wall,  extending  below  the  footing  slab,  in  direct 
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contact    with    the    undisturbed    foundation    material,    or   by    other   means   of   providing 
resistance.* 

Where  permanent  cofferdam  construction  encloses  the  fcundati  n.  this  may  be  con- 
sidered as  increasing  the  lateral  bearing  area  against  undisturbed  material  for  resistance 
to  sliding.  Where  the  foundation  rests  on  permanent  piling  or  caisson  construction,  the 
horizontal  component  of  batter  piles  or  caissons  may  be  considered  in  determining  the 
resistance  to  sliding. 

2.  Radius  of  Bend  at  Knees 

The  radius  of  bend  of  the  tension  reinforcement  at  the  knee  shall  be  made  as  large 
as  possible,  consistent  with  the  concrete  dimensions. 

3.  Deck 

A  suitable  thickness  of  the  deck,  with  or  without  ribs  or  diaphragms,  shall  be 
selected,  and  transverse  bars  provided  as  required  for  lateral  distribution  of  the  loads. 

4.  Wingwalls 

Wingwalls  shall  preferably  be  designed  separately  from  the  frame  as  ordinary  re- 
taining walls.  The  expansion  joint  between  the  abutment  of  the  rigid  frame  and  the 
wing  wall  shall  be  provided  with  adequate  water  step. 

5.  Construction  and  Expansion  Joints 

The  requirements  of  the  current  AREA  Specifications  in  this  Chapter  covering  con- 
struction joints  and  any  necessary  longitudinal  expansion  joints  shall  be  complied  wi:h. 

Construction  joints  required  to  transmit  stress  shall  be  keyed  and  reinforced  across 
the  joint. 

Expansion  joints  should  preferably  be  provided  so  that  the  width  of  any  single 
frame  does  not  exceed  30  ft.  Such  joints  shall  completely  separate  the  structural  parts, 
including  the  footing. 

6.  Drainage 

Adaquate  drainage  shall  be  provided.  Horizontal  surfaces  exposed  to  moisture  shall 
be  sloped  for  drainage.  Deck  slabs  shall  be  given  a  slope  of  preferably  %  in  per  ft  and 
not  less  than  l/s  in  per  ft;  preferably,  the  slope  should  be  away  frcm  expansion  joints. 
A  raised  lip  shall  be  constructed  at  such  joints  to  prevent  water  from  overflowing  into 
the  joint.  Suitable  ballast  guards  and  flashing  shall  be  provided  at  all  deck  dr;inage 
cpenirgs  with  leadout  pipes.  Weep  holes  or  pipe  drains  shall  be  provided  for  drainage 
of  abutments.  Pipe  openings  shall  be  provided  through  all  transverse  walls  or  other 
members  which  wou'd  interfere  with  the  normal  flow  of  water,  in  accordance  with  the 
drainage  layout.  Provision  shall  be  made  for  ultimate  disposal  of  water  in  accordance 
with  the  local  requirements  for  the  site. 

7.  Waterproofing 

The  deck  surface  shall  be  waterproofed  using  a  membrane  type  of  waterprocfing 
and  a  protective  covering  in  accordance  with  the  current  AREA  Specifications.  Backs 
of  abutments  above  the  footing  slab  shall  be  dampproofed.  All  construction  joints  ex- 
posed to   water,   or  in  contact  with   soil  or  filling  materials,  including  ballast,  shall  be 


*  It  b  recim mended  that  in  such  case's,  ml  more  thin  50  percent  of  the  estimated  friction?]  re- 
sistarce  between  the  footing  slab  and  foundation,  tcgether  with  net  mere  than  SO  percent  of  the 
allowable  foundation  bearing  pressure  per  square  foot,  for  equivalent  material,  be  used  in  computing 
the   resistance  to  sliding  due   to  key  or  drop  wall. 
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waterproofed  with  a  membrane  type  of  waterproofing  as  specified  for  deck  construction 
and  sh  11  have  a  non-corrcsive  sheet  metal  or  rubber  water  s.cp  sufficiently  embedded 
in  both  sides  of  the  joint  for  the  full  length  thereof.  Suitable  key  ways  shall  be  con- 
structed at  construction  joints  where  the  details  will  permit. 

E.  CONSTRUCTION 

1.  General 

Construction  of  reinforced  concrete  rigid  frame  bridges  shall  be  in  accordance  with 
Specifications  for  Concrete  and  Reinforced  Concrete  Railroad  Bridges  and  Other  Struc- 
tures, Part  1,  this  Chapter,  insofar  as  they  are  applicable,  subject  to  such  modifications 
as   provided   herein,   and/or   by   the   detei'ed   plans,   which   shall   be   rigidly   adhered   to. 

The  contractor  shall  submit  a  detailed  construction  schedule  to  be  approved  b>  t  hi 
engineer. 

2.  Centering 

The  contractor  shall  submit  designs  for  the  centering  for  approval  by  the  engineer. 
Centering  shall  be  of  rig'd  construction,  with  adequate  foundation  bearing  area,  piling 
or  other  suitable  construction  to  sustain  the  dead  lead  of  the  concrete  while  it  is  being 
placed,  construction  equipment,  and  other  construction  loads.  It  shall  be  braced  in  both 
longitudinal  and  transverse  directions  and  shaH  be  constructed  with  adequate  devices  for 
adjusting  the  shape  of  the  soffit  and  for  striking  the  centering  gradually  and  uniformly 
after  the  concrete  has  attained  sufficient  strength.  Allowance  shall  be  made  in  the  form 
and  elevation  of  the  centering  for  the  dead-lead  deflection  of  the  deck.  When  local  con- 
ditions such  as  waterway,  roadway,  or  other  conditions  demand  that  specific  clearance 
be  provided  under  the  structure  during  construction,  that  would  require  the  use  of  a 
long  span  for  the  centering,  allowance  shall  be  m:de  when  setting  the  forms  for  the 
deflection  of  such  span  due  to  its  own  dead  load  and  the  dead  weight  of  the  wet  con- 
crete to  be  supported,  and  suitable  means  shall  be  provided  for  adjusting  the  forms  to 
their  proper  shape.  Centering  shall  act  be  struck  or  removed  until  after  concrete  has 
attained  sufficient  strength  to  maintain  its  own  weight  and  that  of  the  spandrel  con- 
struction. " 

3.  Concreting  Methods 

The  deck  shall  preferably  be  cast  in  one  operation  symetrically  about  the  center  of 
the  span.  Casting  shall  not  begin  until  the  abutment  concrete,  in  the  opinion  of  the 
engineer,  has  attained  adequate  strength  for  its  support. 

4.  Curbs,  Parapets  and   Handrails 

Curbs,  parapets  and  handrails  shall  preferably  be  cast  after  the  forms  for  the  deck 
have  been  struck.  They  shall  in  ill  cases  lie  thon  uglily  doweled  to  the  deck,  and  -hall 
have  expansion  or  open  joints  to  prevent  the  transfer  of  deck  stresses  to  them. 
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Report  on  Assignment  3 

Foundations  and  Earth  Pressures 

Collaborating  with  Committees  1,  6,  7,   15  and  30 

G.  W.  Cooke  (chairman,  subcommittee),  W.  R.  Baker,  J.  W.  Briscoe,  J.  W.  Dolson, 
B.  M.  Dornbhtt,  J.  A.  Erskine,  S.  E.  Griffin,  E.  F.  Man!ey,  R.  F.  Noll,  R.  B.  Peck, 
Milton  Pikarsky,  W.  H.  Robertson,  S.  A.  Stutes,  Neil  Van  Eenam,  E.  P.  Wright. 

Your  committee  is  currently  continuing  its  studies  on  embedment  of  transmission 
poles,  pile  foundations  and  scour  around  bridge  piers  and  will  undertake  an  assignment 
on  sheet  pile  retaining  walls. 


Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  Chapter  8  of  the  Manual: 

Pages  8-3-1   to  8-3-16,  incl. 

SPECIFICATIONS   FOR   DESIGN   OF    SPREAD    FOOTING 
FOUNDATIONS 

Reapprove  without  change. 

Pages  8-5-1  to  8-5-18,  incl. 

SPECIFICATIONS  FOR   DESIGN   OF  RETAINING  WALLS 
AND  ABUTMENTS 

Reapprove  with  the  following  revisions: 

Page  8-5-3,  Sec.  C,  Art.  1.  Loads  Exclusive  of  Earth  Pressure — Change  the  last  of 
the  first  paragraph  to  read:  ".  .  .  and  of  all  loads  from  surcharges  caused  by  railroad 
tracks,  highways,  building  foundations,  or  other  loads  supported  on  the  fill  back  of  the 
walls." 

Pages  8-5-8,  Sec.  F,  Art.  1.  General — Change  the  last  sentence  of  the  third  para- 
graph to  read:  "Where  this  is  not  practicable  the  base  shall  be  supported  by  piles  or 
other  suitable  means." 

Change  the  seventh  paragraph  to  read: "Vertical  keyed  joints  shall  be  placed  not 
over  60  ft  apart  to  take  care  of  temperature  changes.  They  shall  be  protected  by  mem- 
brane waterproofing  or  non-corrosive  water  stops." 


Delete  all  the  material  on  Crib  Walls,  Manual  pages  8-6-1  to  8-6-7,  incl.  (except 
Figs.  1,  2,  and  3  on  page  8-6-6),  substituting  therefor  the  following: 

CRIB  WALLS* 
A.  SPECIFICATIONS  FOR  REINFORCED  CONCRETE  CRIB  WALLS 
1.  Design 

Crib  walls  shall  be  assumed  to  act  as  a  unit  and  shall  be  designed  to  resist  the 
overturning  and  sliding  forces  specified  in  Specifications  for  Design  of  Retaining  Walls 
and  Abutments,  Part  5,  this  Chapter. 


*  For   further  descriptive   material   on   crib   walls  see  Sec.   A.   Retaining  Structures,   of   Roadway   Pro- 
tection,   Part    1,   Chapter    1. 


Masonry 43<J 

The  wall  section  resisting  overturning  shall  be  taken  as  a  rectangle  having  a  height 
equal  to  the  total  height  of  the  crib  and  a  depth,  normal  to  the  front  surface,  equal  to 
the  distance  between  the  outside  faces  of  the  front  and  rear  stretchers. 

The  unit  weight  of  the  crib  wall  section  within  these  limits,  including  the  weight 
of  the  crib  members,  may  be  assumed  to  be  equal  to  that  of  the  compacted  filling 
material. 

In  general,  walls  shall  be  battered  on  the  face  2  in  per  ft,  except  that  low  walls 
(6  ft  high  and  under)  may  be  mide  with  a  plumb  face.  For  walls  over  12  ft  high  supple- 
mental cribs  may  be  added  to  provide  stability  in  order  to  meet  design  requirements. 
Crib  walls  shall  generally  not  exceed  24  ft  in  height.  Higher  walls  shall  receive  special 
engineering  consideration. 

The  wall  shall  be  so  located  that  no  track  tie  shall  bear  directly  on  any  crib  member. 

The  crib  units,  both  stretchers  and  headers,  shall  be  so  designed  that  they  will  resist 
the  bending  and  shearing  stresses  imposed  on  them  and  shall  provide  adequate  bearing. 
They  shall  be  rectangular  in  cross  section  with  all  exposed  edges  beveled.  Stretchers  at 
the  rear  of  the  wall  shall  have  the  same  bearing  area  as  those  at  the  front  in  the  same 
courses. 

The  crib  units  shall  be  reinforced  with  a  minimum  of  four  No.  3  deformed  bars 
conforming  to  ASTM  Specifications,  designation  A  305,  or  equivalent  welded  wire  fabric. 
The  area  of  reinforcement  for  each  unit  shall  be  not  less  than  0.9  percent  of  its  gross 
cross-sectional  area. 

Members  shall  be  provided  with  effective  locking  devices.  They  shall  be  of  a  type 
which  will  permit  a  slight  movement  in  the  wall  without  damage  to  the  crib  units. 

The  headers  and  stretchers  shall  be  so  designed  that  when  assembled  in  a  wall  they 
will  bear  at  two  points  only,  and  will  form  a  cellular  stucture  flexible  enough  to  with- 
stand a  reasonable  amount  of  settlement. 

The  vertical  spacing  between  stretchers  shall  be  small  enough  to  retain  the  fill  as 
specified   under  Art.  3.  Installation,  Par.    (c),   following. 

Crib  walls  shall  be  designed  in  sections  usually  not  to  exceed  100  ft.  The  crib  cells 
at  the  end  of  each  section  shall  be  provided  with  independent  headers  on  the  side  ad- 
joining the  joint.  All  stretchers  and  sill  pieces  shall  be  terminated  flush  with  the  outside 
face  of  these  headers. 

Provision  shall  be  made  for  drainage  if  necessary  behind  or  within  cells  by  means 
of  French  drains  or  other  approved  methods. 

2.   Manufacture 

(a)  General — The  materials,  proportioning  and  workmanship  shall  conform  to 
AREA  Specifications  for  Concrete  and  Reinforced  Concrete  Railroad  Bridges  and  Other 
Structures,  Part  1,  this  Chapter,  with  the  following  modifications: 

(1)  Aggregates — The  maximum  size  of  coarse  aggregate  shall  not  be  more  thin 
1  in. 

(2)  Class   of   Concrete — Air-entrained    concrete   as   specified    in    Sec.    J.    Ait     4    of 
Specifications   for   Concrete   and   Reinforced    Concrete    Railroad    Bridges   and 
Other  Structures,  Part  1,  this  Chapter,  shall  be  used,  having    i  minimum  com 
pressive  strength  of  4250  psi  at  28  days. 

(3)  Workability  and  Placement — The  mixture  shall  be  of  a  workable  consistent^ 
dependent  on  the  method  of  placement  to  insure  complete  embedment  of 
reinforcement  and  prevent  honeycombing.  Vibrating  equipmenl  shall  prefer- 
ably be  used  in  the  manufacturing  process. 
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(4)  Curing — Curing  shall  be  started  as  soon  as  possible  after  completion  of  place- 
ment of  the  concrete  and  shall  comply  with  the  paragraphs  on  curing  in  the 
Specifications  for  Concrete  and  Reinforced  Concrete  Railroad  Bridges  and 
Other  Structures,  Part  1,  this  Chapter. 

(b)  Defects — All  members  shall  be  true  to  size,  and  free  of  depressions  and  of 
spalled,  patched  or  plastered  surfaces  or  other  defects  that  may  impair  strength  or 
durability. 

(c)  Handling — Members  shall  be  handled  carefully.  Dropping  or  severe  jarring  shall 
be  avoided.  Any  cracked  or  otherwise  defective  members  will  be  rejected. 

3.   Installation 

(a)  Preparing  Base — The  foundation  or  bed  for  the  crib  shall  be  firm  and  as  uni- 
form as  possible,  and  shall  be  approved  by  the  engineer  before  any  cribbing  is  placed. 
If  the  stretchers  are  located  directly  above  rock,  a  cushion  of  sand  or  gravel  not  less 
than  6  in  thick  shall  be  provided. 

The  foundation  shall  be  sloped  at  a  right  angle  to  the  batter  on  the  face  of  the 
finished  crib. 

(b)  Placing — Stretchers  shall  be  used  to  provide  adequate  support  for  the  lower 
:ribbing  course,  front  and  back. 

Crib  members  shall  be  carefully  handled  and  erected  in  such  a  manner  as  to  avoid 
any  injury  due  to  shock  or  impact.  Any  member  which  becomes  cracked  or  otherwise 
injured  during  erection  shall  be  removed  and  replaced. 

(c)  Filling — The  filling  of  the  interior  of  the  crib  shall  follow  closely  the  erection 
of  the  successive  tiers  of  units,  and  at  no  time  shall  the  wall  be  laid  up  higher  than 
3  ft  above  the  backfilled  portion. 

Approved  fill  material  shall  be  pervious,  preferably  crushed  stone,  gravel,  or  other 
coarse  granular  material,  well  graded  from  a  maximum  size  of  4  in  down,  and  shall  be 
placed  and  compacted  in  the  cells  and  for  2  ft  immediately  in  rear  in  such  a  manner 
as  to  provide  a  minimum  of  voids.  All  vegetable  matter  shall  be  excluded  from  the 
filling  materials.  Clay  or  material  having  a  large  percentage  of  clay  shall  not  be  used 
as  fill.  The  fill  and  backfill  material  shall  not  contain  any  element  detrimental  to  concrete. 

(d)  Drainage — See  Art.  1.  Design,  above,  for  any  special  conditions. 

B.  SPECIFICATIONS  FOR  METAL  CRIB  WALLS 
1.  Design 

Crib  walls  shall  be  assumed  to  act  as  a  unit  and  shall  be  designed  to  resist  the 
overturning  and  sliding  forces  specified  in  Specifications  for  Design  of  Retaining  Walls 
and  Abutments,  Part  5,  this  Chapter. 

The  wall  section  resisting  overturning  shall  be  taken  as  a  rectangle  having  a  height 
equal  to  the  total  height  of  the  crib  and  a  depth,  normal  to  the  front  surface,  equal  to 
the  distance  between  the  outside  faces  of  the  front  and  rear  stretchers.  The  unit  weight 
of  the  crib  section  within  these  limits,  including  the  weight  of  the  crib  members,  may  be 
assumed  to  be  equal  to  that  of  the  compacted  filling  material. 

In  general,  walls  shall  be  battered  on  the  face  2  in  per  ft,  except  that  low  walls 
(6  ft  high  and  under)  may  be  made  with  a  p'umb  face.  For  walls  over  12  ft  high  sup- 
plemental cribs  may  be  added  to  provide  stability  in  order  to  meet  design  requirements. 
Crib  walls  shall  generally  not  exceed  24  ft  in  height.  Higher  walls  shall  receive  special 
engineering  consideration. 
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The  wall  shall  be  so  located  that  no  track  tie  shall  bear  directly  on  any  crib  member. 

The  crib  units,  both  stretchers  and  headers,  shall  be  so  designed  that  they  will  resist 
the  bending;  and  shearing  stresses  imposed  on  them  and  shall  provide  adequate  bearing. 
Stretchers  at  the  rear  of  the  wall  shall  have  the  same  bearing  area  as  those  at  the  front 
in  the  same  courses. 

The  headers  and  stretchers  shall  be  so  designed  that  when  assembled  in  a  wall  they 
will  form  a  cellular  structure  that  will  be  flexible  enough  to  withstand  a  reasonable 
amount  of  settlement. 

Crib  wal's  shall  be  designed  in  sections  usually  not  to  exceed  100  ft.  The  crib  cells 
at  the  end  of  each  section  shall  be  provided  with  independent  headers  on  the  side  ad- 
joining the  joint.  All  stretchers  and  sill  pieces  shall  be  terminated  flush  with  the  outside 
face  of  these  headers. 

Provision  shall  be  made  for  driuiage  if  necessary  behind  or  within  cells  by  means 
of  French  drains  or  other  approved  method. 

2.  Manufacture 

The  sheets  from  which  all  members  are  manufactured  shall  be  made  of  a  base  metal 
meeting  the  requirements  for  chemical  composition  and  zinc  coating  as  specified  by  the 
engineer  in  conformity  with  AREA  Specifications  for  Corrugated  Metal  Culverts,  Part  4. 
Chapter  1.  If  specified  by  the  engineer  the  crib  members  shall  be  specially  coated. 

All  members  shall  be  prefabricated  in  the  manufacturer's  plant  prior  to  shipment 
to  the  site. 

Headers  and  stretchers  upon  assembly  shall  interlock  or  be  joined  together  by  means 
of  flexible  bolt  connection;.  Bolts  shall  be  of  the  proper  length  and  made  of  galvanized 
steel. 

The  various  members  shall  be  constructed  of  a  base  metal  of  the  gage  shown  on  the 
p'ans  and  not  less  than  16  gage  for  walls  up  to  10  ft  in  height  and  of  heavier  gage  for 
higher  walls. 

All  members  shall  be  so  fabricated  that  units  of  the  same  nominal  depth  and  length 
shall  be  fully  interchangeable.  All  members  shall  be  straight  and  true  before  assembly, 
and  the  galvanizing  or  other  coating  shall  not  be  damaged.  Any  bent  or  otherwise  defec- 
tive members  will  be  rejected. 

3.  Installation 

Preparing  Base — The  foundation  or  bed  for  the  crib  shall  be  firm  and  as  uni- 
form as  possible,  and  shall  be  approved  by  the  engineer  before  any  cribbing  is  placed. 
If  the  columns  at  the  panel  points  are  located  directly  above  rock,  a  cushion  of  sand  or 
gravel  not  less  than  6  in  thick  shall  be  provided. 

The  foundation  shall  lie  sloped  at  a  right  angle  to  the  batter  on  the  face  of  the 
finished  crib. 

ili»  Placing — Crib  members  shall  be  carefully  handled  and  erected  in  such  a  manner 
as  to  avoid  injury.  Any  member  which  becomes  bent  or  otherwise  injured  during  erec- 
tion  shall    be    removed   and    replaced. 

(c)  Filling— The  filling  of  the  interior  of  the  crib  shall  follow  dosel)  the  erection 
of  the  successive  tiers  of  unit-,  and  at  no  time  shall  die  wall  be  laid  up  higher  than  3  ft 
above  the  backfil'ed  portion. 

Approved  fill  material  shall  be  pervious,  preferably  crushed  -tone,  gravel,  or  other 
coarse  granular  material,  well  graded  fri  m  a  maximum  size  of  4  in  down,  and  shall  be 
placed  and  Compacted  in   the  cells  and   for  2   ft   immediately  in   the  re  ir  in   such  a    man 
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ner  as  to  provide  a  minimum  of  voids.  All  vegetable  matter  shall  be  excluded  from  the 
filling  materials.  Clay  or  material  having  a  large  percentage  of  clay  shall  not  be  used 
as  fill.  The  fill  and  backfill  material  shall  not  contain  any  element  detrimental  to  con- 
crete. 

(d)    Drainage — See  Art.   1.  Design,  above,  for  any  special  conditions. 

C.  SPECIFICATIONS  FOR  TIMBER  CRIB  WALLS 

1.  Design 

Crib  walls  shall  be  assumed  to  act  as  a  unit  and  shall  be  designed  to  resist  the  over- 
turning and  sliding  forces  specified  in  Specifications  for  Design  of  Retaining  Walls  and 
Abutments,  Part  5,  this  Chapter. 

The  wall  section  resisting  overturning  shall  be  taken  as  a  rectangle  having  a  height 
equal  to  the  total  height  of  the  crib  and  a  depth,  normal  to  the  front  surface,  equal  to 
the  distance  between  the  outside  faces  of  the  front  and  rear  stretchers. 

The  unit  weight  of  the  crib  section  within  these  limits,  including  the  weight  of  the 
crib  members,  may  be  assumed  to  be  equal  to  that  of  the  compacted  filling  material. 

Low  walls  (6  ft  high  and  under)  may  be  made  with  a  plumb  face.  In  general,  walls 
shall  be  battered  on  the  face  2  in  per  ft.  For  walls  over  12  ft  high,  supplemental  cribs 
may  be  added  to  provide  stability  in  order  to  meet  the  design  requirements.  Crib  walls 
shall  generally  not  exceed  24  ft  iri  height. 

The  wall  shall  be  so  located  that  no  track  tie  shall  be  borne  directly  by  any  crib 
member. 

The  crib  units,  both  headers  and  stretchers,  shall  be  so  designed  that  they  will  resist 
the  bending  and  shearing  stresses  imposed  on  them  and  shall  provide  adequate  bearing. 
They  shall  be  rectangular  in  cross  section. 

The  vertical  spacing  between  members  shall  be  small  enough  to  retain  the  fill  as 
specified  under  Art.  3.  Installation,  Par.   (e),  following. 

Provision  shall  be  made  for  drainage  if  necessary  behind  or  within  cells  by  means 
of  French  drains  or  other  approved  method. 

2.  Materials 

Timber  used  for  cribbing  shall  be  sawn  or  hewn,  and  new  timber  shall  conform  to 
the  requirements  of  AREA  Specifications  for  Structural  Lumber,  Part  1,  Chapter  7, 
for  the  grade  and  species  specified.  Timber  shall  be  treated  or  untreated  as  specified  by 
the  engineer.  When  treated  timber  is  required,  it  shall  be  treated  in  accordance  with  the 
pertinent  specifications  of   Chapter   17. 

If  timbers  are  to  be  treated,  all  framing  indicated  on  the  plans  shall  be  completed 
before  treatment.  All  framing  shall  be  done  in  a  workmanlike  manner,  true  to  line  and 
angle.  When  any  field  framing,  boring,  and  cutting  of  treated  material  is  required,  all 
such  framing  and  cuts  shall  receive  a  thorough  coating  of  approved  preservative  before 
assembly. 

3.  Installation 

(a)  Preparing  Base — The  foundation  or  bed  for  the  crib  shall  be  firm  and  as  uni- 
form as  possible,  and  shall  be  approved  by  the  engineer  before  any  cribbing  is  placed. 

The  foundation  shall  be  sloped  at  right  angles  to  the  batter  on  the  face  of  the 
finished  crib  (see  Fig.  1). 

(b)  Mud  Sills — When  mud  sills  are  used,  they  shall  be  set  at  right  angles  to  the 
face  of  the  crib  and  bear  firmly  and  evenly  on  the  foundation  material  (see  Fig.  1). 
Mud  sills  shall  be  leveled  to  fit  the  base  tier  of  face  timbers  resting  directly  on  them. 
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(c)  Timbers — The  timbers  in  the  base  tier  and  in  alternate  tiers  above  the  base 
shall  be  as  long  as  practicable.  Preferably  they  shall  have  a  minimum  length  of  8  ft. 
Joints  in  each  tier  shall  stagger  with  joints  in  adjacent  tiers.  Crib  faces  shall  be  laid 
closed  or  open  as  indicated  on  the  plans. 

Care  shall  be  exercised  in  the  erection  of  cribs  to  produce  a  true  and  even  face 
built  to  the  line  and  grade  shown  on  the  plans.  All  face  timbers  shall  be  set  horizontally 
(see  Figs.  2  and  3). 

Headers  shall  be  spaced  not  more  than  8  ft  center  to  center  in  any  horizontal  tier 
if  staggered  with  the  headers  in  tiers  above  and  below.  If  headers  are  not  staggered, 
they  shall  be  spaced  not  more  than  6  ft  center  to  center.  The  vertical  spacing  between 
headers  in  the  same  vertical  plane  shall  not  exceed  3  ft. 

(d)  Fastenings — Each  successive  tier  of  closed-face  cribbing  shall  be  drift  bolted  to 
the  one  upon  which  it  rests  by  drift  bolts  not  less  than  Y>,  in.  in  size  and  of  sufficient 
length  to  extend  through  two  tiers  and  not  less  than  4  in  into  the  third  tier.  Drift  bolts 
shall  be  staggered  and  not  more  than  8  ft  center  to  center  in  each  tier.  All  end  joints 
and  splices  shall  be  half  lapped  and  drift  bolted  at  the  center;  headers  shall  be  drift 
bolted  to  face  timbers  in  like  m:nner  (see  Fig.  3). 

Each  tier  of  open-face  cribbing  shall  be  drift  bolted  to  the  tiers  beneath  at  each 
header  using  )4-in  drift  bolts  at  each  intersection  where  no  splice  occurs  or  at  lap  joints, 
and  two  Y^-'.n  drift  bolts  at  butt  jcints.  Drift  bolts  shall  be  long  enough  to  extend 
through  one  tier  and  at  least  three-quarters  of  the  distance  into  the  next  tier.  Drift  bolts 
shall  be  staggered  from  tier  to  tier   (see  Fig.  2). 

In  treated  t'mber  cribbing,  the  hardware  shall  be  galvanized. 

(e)  Filling— The  filling  of  the  interior  of  the  crib  shall  follow  closely  the  erection 
of  the  successive  tiers  of  units,  and  at  no  time  shall  the  wall  be  laid  up  higher  than 
3  ft  above  the  backfilled  portion. 

Approved  fill  material  of  crushed  stone,  gravel  or  other  coarse  granular  material, 
well  graded  frcm  a  maximum  size  of  4  in  down,  shall  be  placed  in  the  cells  in  such 
a  manner  as  to  provide  a  minimum  of  voids.  Larger  stones  may  be  included  if  carefully 
embedded.  All  vegetable  matter  shall  be  excluded  from  the  filling  material.  Clay  or 
material  having  a  large  percentage  of  clay  shall  not  be  used  as  fill. 

(f)  Drainage. — See  Art.  1.  Des'gn,  above,  for  any  special  conditions. 

Note:  Figs.  2  and  3  require  revision  as  follows:  wherever  the  expression  "Max  tie 
spacing"  occurs,  it  should  be  replaced  by  'Max  spacing." 


Report  on  Assignment  4 
Deterioration  and  Repair  of  Masonry  Structures 

\Y.  R    Wilson   (chairman,  subcommittee),  P.  R.  Matthews,  L.  H.  Needham,  R.  E.  Paul- 
son, J.   E.   Peterson,  J.   H.   Sawyer,  Jr.,   Mariano  Schifalacqua. 

Your  committee  has  reviewed   Part    13,  Chapter  8  of   the  Manual   and   offers   for 
adoption  the  following  recommendations  in  connection  therewith: 

Pages  8-13-1   to  8-13-6,  incl. 

SPECIFICATIONS  FOR  SHOTCRETE 

Reapprovt-  with  the  following  c  hinges: 

Page   8-13-2,  Sec.   B,   Art.   2,   second    tine   ol    seventh   paragraph — change   the   word 
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"shall''  to  "may."  Also  add  at  the  end  of  ths  paragraph,  after  the  words  "(See  Fig.  1)", 
the  words  "or  as  otherwise  specified  by   the  engineer." 


Your  committee  has  also  reviewed  Part  14,  Chapter  8  of  the  Manual  and  offers  for 
adoption    the    following    recommendations   in   connection    therewith: 


Pages  8-14-1   to  8-14-8,  incl. 

REPAIRING  AND  SOLIDIFYING  MASONRY  STRUCTURES 

Reapprove  with  the  following  changes: 

Page  8-14-2,  Sec.  B,  Art.  2,  second  line  of  fifth  paragraph — change  the  word  "shall" 
to  "may." 

Also  add  at  the  end  of  this  paragraph  after  the  words  "(See  Fig.  1),"  the  words 
"or  as  otherwise  specified  by  the  engineer." 

Page  8-14-7,  Sec.  C,  Art.  3  (a)  fifth  paragraph — change  to  read:  "The  holes  in 
the  courses  of  masonry  below  ground  line  shall  be  drilled  diagonally  downward  at 
various  angles  to  the  natural  foundation  below  the  masonry,  so  that  consolidation  of 
the  bottom  courses  is  assured  and  any  cavities  under  the  same  are  filled." 

Sixth  paragraph  add,  "and  any  cavities  under  the  same  are  filled." 

Sec.  C,  Art.  5  (a),  first  sentence — change  to  read:  "Grout  shall  be  applied  by  pump- 
ing or  gravity  pressure." 

Page  8-14-8,  Sec.  C,  Art.  5   (a),  third  paragraph — delete  "pneumatic  or". 

Sec.  C,  Art.  5   (b) — delete  "pneumatic  pressure  or". 


Your  committee  has  also  reviewed  Part  15,  Chapter  8  of  the  Manual  and  offers  for 
adoption  the  following  recommendations  in  connection  therewith: 

Pages  8-15-1  to  8-15-6,  incl. 

SPECIFICATIONS  FOR   STONE   MASONRY 

Reapprove  with   the   following  changes: 

Page  8-15-2,  Sec.  A,  Art.  4 — Add  at  the  end  of  Par.  (g) :  "No  stone  shall  be  used 
which  was  quarried  during  freezing  weather." 

Sec.  A,  Art.  5  (b) — Revise  fi:st  sentence  to  read:  "Mortar  for  pointing  shall  consist 
of  two  part  of  sand,  sieved  to  meet  the  requirements,  and  one  part  of  portland  cement." 

Page  8-15-5,  Sec.  F,  Art.  1  (a) — Add,  "No  stones  less  th:n  1  ft  in  width  shall  be 
used." 


Your   committee   is   continuing   its   studies   on   deterioration   and   repair   which   will 
include  the  use  of  epoxy  resins. 
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Report  on  Assignment  5 

Tunnel   Linings:    Design,   Construction  and   Maintenance 

Collaborating  with  Committees   1,  5,   17,  28  and  29 

G.  H.  Dayctt,  Jr.   (chairman,  subcommittee),  A.  W.  Carlson,  R.  J.  Klueh,   IJ.  H.  Shi  e 
maker. 

Your  committee  has  reviewed  the  specifications  in  Chapter  8,  Part  11 — Lining  Rail- 
way Tunnels,  completing  its  current  assignment  on  tunnel  linings,  and  offers  for  adoption 
the  following  recommendations: 

Pages  8-11-13  to  8-11-17,  inch 

SPECIFICATIONS   FOR  LINING   RAILWAY  TUNNELS 
WITH  TIMBER 

Reapprove  without  change. 

Pages  8-11-1    to  8-11-7,  incl. 

SPECIFICATIONS    FOR    LINING    RAILWAY    TUNNELS 
WITH  CONCRETE 

Reapprove  with  the  following  revisions: 

Page  8-11-5,  Sec.  C,  Art.  1.  Forms,  second  paragraph — Delete  all  words  following 
"in   these  specifications." 

Pages  8-11-8  to  8-11-12,  incl. 

SPECIFICATIONS  FOR  LINING  RAILWAY  TUNNELS  WITH  BRICK 

Page  8-11-8,  Sec.  B,  Art.  2.  Mortar — Change  to  read,  ''Mortar  shall  be  composed 
of  1  part  portland  cement  and  2^2  parts  sand  measured  by  loose  volume.  If  desired, 
y2  part  dry  lime  hydrate  or  equivalent  amount  of  lime  putty  may  be  used  with  1  part 
Portland  cement  and  3  parts  sand  where  there  is  no  moisture  present.  Where  moisture 
is  present,  lime  shall  not  be  used." 

Page  8-11-8,  Sec.  B,  Art.  3.  Cement — Change  to  read,  "Cement  for  mortar  shall 
meet  the  requirements  of  the  AREA  Specifications  for  Portland  Cement,  Part  1  this 
chapter.  Where  there  is  any  possibility  of  chemical  reactivity  in  the  augregates  or  where 
thc-re  is  possibility  of  alkali  waters,  use  low  alkali  cement.  Cement  that  has  hardened 
or  partially  set  shall  not  be  used. 

Page  8-11-9,  Sec.  C,  Art.  4.  Side  Walls  and  Arches— delete  last  paragraph  which 
now  reads,  "Arch  centers  shall  be  slacked — not  struck  -immediately  after  keying  so  that 
the  mortar  may  harden  under  slight  pressure." 

Page  8-11-9,  Sec.  C,  Art.  5.  Drainage  Openings — Change  to  read,  "Weep  holes  shall 
be  placed  through  the  side  walls  at  intervals  of  not  less  than  20  ft  unless  drainage  con- 
ditions require  closer  spacing.  The  weep  holes  shall  be  formed  of  cast  iron  pipe  not  leaf 
than  4  in.  in  diameter  and  placed  on  a  slope  of  45  deg.  The  outer  end  of  weep  holes 
shall  net  be  less  than  12  in  above  the  bottom  of  the  gutter. 

Where  the  tunnel  floor  is  paved  with  concrete  and  white  moisture  is  present  in 
the  subgrade   below   the  concrete  invert,  provide  perforated  drains  to  the  gutter  u  n 
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quired.  Four-inch  round  drains  shall  be  provided  through  the  concrete  ballast  wall  to 
provide  drainage  for  the  ballast  section   (Fig.  3). 

Side  wall  drainage  shall  be  installed  at  not  les  than  20  ft  centers,  and  where  mois- 
ture is  present,  at  closer  spacing.  When  ground  water  is  present,  provide  vertical  and 
diagonal  openings,  French  drains,  tile  or  iron  pipe  drains  in  the  rear  of  the  lining.  The 
drains  shall  be  carefully  installed  and  adequately  anchored  and  shall  terminate  in  open- 
ings through  the  brick  of  not  less  than  4  in.  in  diameter.  Openings  through  the  brick 
shall  be  provided  using  cast  iron  pipe  with  the  outer  ends  of  the  outlets  not  less  than 
12  in  above  the  bottom  of  the  gutter,  (Fig.  3). 

Page  8-11-12 — Delete  all  of  Fig.  3  except  detail  of  foundation.  Add  a  note  to  this 
cross  section  as  follows:  "Provide  sub-soil  drainage  under  concrete  slab  as  required." 
Add  "as  required"  to  note  "Refuge  Niche." 

Pages  8-11-10  and  8-11-11,  Figs.  1  and  2— Add  the  note,  "Timber  packing  shall 
not  be  used.  Where  it  is  necessary  to  use  timber  posts  and  where  timber  must  be  left 
in  behind  the  brick  lining,  all  timber  shall  be  treated." 

Page  8-11-10 — Fig.  1  shows  timber  lining  of  the  tunnel  in  advance  of  the  brick 
lining.  A  note  should  be  added  to  Fig.  1,  with  an  arrow  to  the  timber  lining,  as  follows: 
"Timber  lining  in  accordance  with  the  Specification  for  Lining  of  Railway  Tunnels  with 
Timber." 


Report  on  Assignment   6 

Prestressed  Concrete  for  Railway  Structures 

Collaborating  with  Committee  6 

D.  H.  Dowe   (chairman,  subcommittee),  W.  J.  Eney,  R.  W.  Gilmore,  E.  W.  Kieckers, 
L.  P.  Nicholson,  R.  I.  Rollings,  G.  R.  Vanderpool,  J.  R.  Williams,  G.  A.  Wolf. 

Your  committee  last  year  presented  as  information  a  tentative  draft  of  Specifica- 
tions for  Design,  Materials  and  Construction  of  Prestressed  Concrete  Structures  (Pro- 
ceedings, Vol.  61,  pages  466-489).  These  specifications,  with  the  following  revisions,  are 
now  recommended  for  adoption  as  Part  17  of  Manual  Chapter  8. 

Under  Sec.  H  at  end  of  Art.  4  (a)  add:  "Where  /'<•<  shall  be  not  less  than  0.75  //". 

Under  Sec.  I,  Art.  2  (a),  change  the  formula  reading,  T  0  —  Tx  e  (KL  -f-  M  a)  to 
T„  =  Txe    (KL  +  W) 

Under  Sec.  P,  revise  last  sentence  to  read,  "For  spans  70  ft  and  over,  rockers  or 
graphite  self-lubricated  bronze  plates  of  approved  design,  allowing  for  expansion  and 
rotation,  are  recommended." 

Under  Sec.  Q,  revise  first  paragraph  of  Art.  2  (b)  to  read,  "Concrete  aggregates 
shall  conform  to  the  Specifications  for  Concrete  Aggregates  for  Concrete  and  Reinforced 
Concrete  Railroad  Bridges  lind  O.her  Structures,  Part  1,  this  chapter,  or  Standard 
Specifications  for  Lightweight  Aggregates  for  Structural  Concrete  (ASTM  Designation 
C  330)." 

Under  Sec.  W,  add  sentence  at  end  of  Art.  2  (b)  reading,  "No  bond  stress  shall  be 
transferred  to  the  concrete,  nor  shall  end  anchors  be  released,  until  the  concrete  has 
attained  a  compressive  strength  of  not  less  than  0.7S  /„'." 

Under  Sec.  W,  add  sentence  at  beginning  of  Art.  3  (e)  reading,  "The  prestressing 
force  shall  not  be  applied  to  the  member  until  the  concrete  has  attained  a  strength  of 
not  less  than  0.7S  //."  Also  change  the  heading  of  this  paragraph  from  "Prestressing  in 
Stages"  to  "Application  of  Prestress  Force." 
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Report  on  Assignment  7 

Quality  of  Concrete  and   Mortars 

Collaborating  with  Committee  6 

W.  J.  Galloway   (chairman,  subcommittee),  Lyle  Bristow.  M.  W.  Bruns,  L.  M.  Morris, 
L.  P.  Nicholson,  M.  S.  Norris,  R.  A.  Ullery. 

Your  committee  is  currently  reviewing  the  Specifications  for  Concrete  and  Rein- 
forced Concrete  Railroad  Bridges  and  Other  Structures,  following  which  it  intends  to 
revise  the  pamphlet  "How  to  Make  Good  Concrete"  to  include  ready-mix  concrete. 


Your  committee  submits  the  following  revised  list  of  references  to  ASTM  specifica- 
tions referred  to  in  Chapter  8  and  recommends  its  adoption  to  replace  the  present  refer- 
ences listed  in  Part  18,  pages  8-18-1  and  8-18-2. 

ASTM   SPECIFICATIONS  AND   DESIGNATIONS 

Referred  to  in  this  Chapter 
Specifications  For  or  Standard  Method  of  Test  For 
General   Requirements   for   Delivery   of   Rolled   Steel   Plates,   Shapes,   Sheet 

Piling  and  Bars  for  Structural  Use   (Tentative) 
Steel  for  Bridges  and  Buildings  (Tentative) 
Billet-Steel  Bars  for  Concrete  Reinforcement   (Tentative) 
Rail-Steel  Bars  for  Concrete  Reinforcement   (Tentative) 
Cold  Drawn  Steel  Wire  for  Concrete  Reinforcement   (Tentative) 
Axle-Steel  Bars  for  Concrete  Reinforcement   (Tentative) 
Fabricated  Steel  Bar  or  Rod  Mats  for  Concrete  Reinforcement 
Welded  Steel  Wire  Fabric  for  Concrete  Reinforcement   (Tentative) 
Minimum  Requirements  for  the  Deformations  of  Deformed  Steel  Bars  for 

Concrete  Reinforcement  (Tentative) 
Cast  Iron  Pressure  Pipe 

Special  Large  Size  Deformed   Billet  Steel  Bars  for  Concrete  Reinforcement 
Uncoated  Seven-Wire  Stress-Relieved  Strand  for  Prestressed  Concrete  (Ten- 
tative) 
Uncoated  Stress-Relieved  Wire  for  Prestressed   Concrete   (Tentative) 
High-Strength    Billet   Steel    Bars   for   Concrete   Reinforcement 
Deformed    Billet    Steel    Bars    for    Concrete    Reinforcement    with    60,000    psi 

Minimum  Yield  Point 
Norma]  Finishing  Hydrated  Lime 
Unit  Weight  of  Aggregate 
Making  and  Curing  Concrete  Compression  and  Flexure  Test   Specimens  in 

the  Field 
Concrete  Aggregates 

Compressive  Strength  of  Molded  Concrete  Cylinders 
Organic  Impurities  in  Sands  for  Concrete 

Sampling,  Inspection,  Packing  and  Marking  of  Lime  and  Limestone  Prod- 
ucts 
Surface  Moisture  in  Fine  Aggregate 
Measuring   Mortar-Making   Properties   of    Fine    Aggregate    (Tentative) 


Designation 

A  6-60T 

A 

7-58T 

A 

15-58T 

A 

16-59T 

A  82-5  8T 

A 

160-57T 

A 

184-37 

A 

185-58T 

A  305-56T 

A  377-57 

A  408-5 8T 

A  416-59T 

A  421-59T 

A 

431-59T 

A  432-59T 

c 

6-49 

c 

29-60 

c 

31-59 

c 

33-59 

C  39-59 

c 

40-60 

c 

50-57 

c 

70-47 

c 

87-58T 
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Specifications  Fcr  or  Standard  Method  of  Test  For 

Soundness  cf  Aggregates  by  Use  of  Sodium  Sulphate  or  Magnesium  Sul- 
phate  (Tentative) 

Masonry  Cement 

Compressive  Strength  of  Hydraulic  Cement  Mortars  (Using  2-In  Cube 
Specimens) 

Amount  of  Material  Finer  th:n  No.  200  Sieve  in  Aggregates 

Lightweight   Pieces   in   Aggregate    (Tentative) 

Definition  of  Teims  Relatir.g  to  Concrete  and  Concrete  Aggregates 

Specific  Gravity   and  Absorption   of   Coarse  Aggregate 

Specific  Gravity  and  Absorpticn  of  Fine  Aggregate 

Abrasion  of  Coarse  Aggregate  by  Use  of  the  Los  Angeles  Machine 

Sieve  Analysis  of  Fine  and  Coarse  Aggregates 

Weight  Per  Cubic  Foot,  Yield  and  Air  Content  (Gravimetric)  of  Concrete 

Clay  Lumps  in  Natural  Aggregates  (Tentative) 

Slump  of  Portland  Cement  Concrete 

Aggregate  for  Masonry  Mortar  (Tentative) 

Portland  Cement 

Air  Content  of  Freshly  Mixed  Concrete  by  the  Volumetric  Method 

Air  Entraining  Portland  Cement 

Air  Content  of  Hydraulic  Cement  Mortar 

Tensile  Strength  of  Hydraulic  Cement  Mortars 

Mak'ng  and  Curing  Concrete  Compression  and  Flexure  Test  Specimens  in 
the  Laboratory 

Portland  Blast-Furnace  Slag  Cement   (Tentative) 

Potential  Alkali  Re?.ctivity  of  Cement-Aggregate  Combinations  (Mortar 
Bar  Method)   (Tentative) 

Air   Content   of   Freshly  Mixed   Concrete  by   the  Pressure  Method 

Scratch  Hardness  cf  Coarse  Aggregate  Particles   (Tentative) 

Air-Entra'ning  Admixtures   for   Concrete   (Tentative) 

Potential  Reactivity  of  Aggregates   (Chemical  Methcd)    (Tentative) 

Resistance  of  Concrete  Specimens  to  Rapid  Freezing  and  Thawing  in  Water 
(Tentative) 

Resist: nee  of  Concrete  Specimens  to  Rapid  Freezing  in  Air  and  Thawing 
in  Water  (Tentative) 

Resistance  of  Concrete  Specimens  to  Slow  Freezing  and  Thawing  in  Water 
or  Brine   (Tentative) 

Petrographic  Examinaticn  of  Aggregates  for  Concrete  (Recommended  Prac- 
tice) 

Liquid  Membrane-Forming  Compounds  for  Curing  Concrete 

Resistance  of  Concrete  Specimens  to  Slew  Freezing  in  Air  and  Thawing  in 
Water   (Tentative) 

Lightweight   Aggregates   for   Structural   Concrete    (Tentative) 

Portland-Pozzolan  Cement  (Tentative) 

Potential  Volume  Change   of   Cement-Aggregate   Combinations   (Tentative) 

Sampling  Stone,  S'ag,  Gravel,  Sand  and  Stone  Block  for  Use  as  Highway 
Materials 


Note.    The   foregoing    indicates    the    designation    and   latest    year   of    issue    of   such    ASTM    Standards 
having    AREA    approval. 


Designation 

C 

88-59T 

C 

91-60 

c 

109- 

-58 

c 

117-49 

c 

123- 

-57T 

c 

125- 

-53 

c 

127- 

-59 

c 

128- 

-59 

c 

131- 

-55 

c 

136-46 

c 

138-44 

c 

142- 

-55T 

c 

143- 

-58 

c 

144- 

-52T 

c 

150- 

-60 

c 

173- 

-58 

c 

175- 

-60 

c 

185- 

-59 

c 

190-59 

c 

192- 

-59 

c 

205- 

-60T 

c 

227- 

-60T 

c 

231- 

-60 

c 

235- 

-57T 

c 

2CO-58T 

c 

289- 

-57T 

c 

290- 

-57T 

c 

291- 

-57T 

c 

292- 

-57T 

c 

295- 

-54 

c 

309- 

-58 

c 

310-57T 

c 

330 

-59T 

c 

340-58T 

c 

342 

-55T 

D 

75- 

59 
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Report  on  Assignment  10 

Methods  of  Construction  with  Precast  Concrete 
Structural  Members 

Collaborating  with  Committee  6 

VV.  P.  Hendrix  (chairman,  subcommittee),  A.  E.  Cawocd,  G.  P.  Hayes,  Jr.,  A.  P.  Kouba, 
J.  H.  Sawyer,  Jr.,  S.  G.  Wintoniak,  J.  W.  Weber. 

Your  committee  submits  the  following  as  suggested  practice  in  the  manufacture  of 
precast  structural  units  for  use  on  railroads. 

1.  General  Manufacturing  Requirements 

The  manufacturer  shall  have  a  plant  with  facilities  to  produce  the  units  in  sufficient 
quantity  to  insure  proper  jcb  progress,  these  facilities  to  include  batching  controls  which 
will  insure  accurate  measuring  of  ingredients,  water  content  and  admixture  specified. 

The  manufacturer  shall  have  qualified  personnel  familiar  with  precast  concrete  tech- 
niques. He  shall  submit  shop  drawings  when  required,  showing  all  the  details,  arrange- 
ments, piece  markings,  etc.,  for  approval,  before  proceeding  with  the  manufacture  and/or 
shipment  of  the  precast  units.  Details  of  reg'.ets,  chases,  sleeves,  bolts  and  appurtanances, 
if  any,  required  by  other  trades,  are  to  be  indicated  en  these  drawings. 

Sample  sections  of  concrete  which  illustrate  quality  and  finish  shall  be  available  for 
inspection  if  required  by  the  engineer.  The  manufacturer  shall  provide  free  access  to  the 
engineer  to  inspect  all  materials,  equipment,  fabrication,  curing  and  storing  of  panels. 
Each  panel  is  to  be  marked  for  identification  and  date  of  casting  recorded. 

2.  Concrete:    Strength,   Proportion  and   Design 

Cement  shall  be  Portland  cement  meeting  the  requirements  of  ASTM  Specification 
C  150,  or  air  entraining  portland  cement  meeting  the  requirments  of  ASTM  Specification 
C  175,  or  portland  blast  furnace  slag  cement  meeting  the  requirements  of  ASTM  Specifi- 
cation C  205,  as  specified  by  the  engineer. 

Water  for  concrete  shall  be  clean  and  free  from  injurious  amounts  of  oils,  alkalis, 
organic  materials  and  other  deleterious  substances. 

Aggregates  for  concrete  shall  conform  to  current   AREA  Specifications. 

Additives:  Written  approval  shall  be  obtained  from  the  engineer  for  the  use  of  any 
additives.  All  additives  shall  conform  to  current  ASTM  Specifications. 

Air-entrained  concrete,  if  speclfbd  by  the  eng'neer,  shall  be  in  accordance  with 
Sec.  J,  Art.  4,  of  AREA  Specifications  for  Concrete  ard  Reinforced  Concrete  Railroad 
Bridges  and  Other  Structures,  Part  1,  Chapter  8. 

Strength:  The  manufacturer  shall  proportion  the  cement,  aggregate  and  water  to 
produce  a  concrete  which  will  attain  the  required  minimum  test  cylinder  strength  at 
the  age  of  28  days.  At  least  fcur  6-  by  12-in  concrete  test  cylinders  shall  be  made  for 
each  pouring  cycle.  Test  cylinders  shall  be  stored  in  accordance  with  ASTM  de  ignation 
C  192  until  time  of  testing.  Tests  shall  be  in  accordance  with  the  "Standard  .Method 
of  Test  for  Ccmpns=he  Strength  of  Molded  Concrete  Cylinders"  (ASTM  designation 
C  39).  It  shall  be  the  manufacturer's  responsibility  to  insure  that  the  required  concrete 
strengths  are  maintained  throughout  production  of  the  members, 

3.  Fabrication 

Concrete  shall  be  thoroughly  mixed  and  mechanically  vibrated  or  mechanicalK  com- 
pacted   to    obtain    the    greatest    possible    density     Honeycomb    or    other    defects,    unless 
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properly  dressed,  shall  be  cause  for  rejection.  The  surface  finish  of  the  precast  unit  shall 
match  an  approved  sample  in  both  color  and  texture  so  that  the  completed  structure 
will  present  a  pleasing  appearance.  Top  side  of  roof  slabs  shall  be  properly  troweled  to 
receive  insulation  or  roofing  material.  Top  side  of  floor  panels  shall  receive  a  broom 
finish.  Precast  concrete  units  containing  hair  cracks  may  be  accepted.  (A  hair  crack  is 
defined  as  a  surface  crack  of  minute  width,  visible,  but  not  measureable  by  ordinary 
means).  Cracks  of  widths  measureable  by  ordinary  means  (0.01  in  wide  and  over),  may 
be  cause  for  rejection,  depending  on  the  location  and  magnitude  of  the  cracks. 

4.  Overall  Dimensions 

The  casting  dimension  tolerances  shall  be  as  specified  by  the  engineer. 

5.  Reinforcement — Built-in  Items  and   Inserts 

All  bar  reinforcement  shall  be  in  accordance  with  Sec.  E.  Metal  Reinforcement,  of 
AREA  Specifications  for  Concrete  and  Reinforced  Concrete  Railroad  Bridges  and  Other 
Structures,  Part  1,  Chapter  8. 

All  reinforcement  bars,  mesh  and  accessories,  anchors,  anchor  bolts,  straps,  metal  ties, 
dowels,  pipe  sleeves;  brackets,  hangers,  and  all  other  material,  occurring  in  connection 
with  the  manufacture  of  the  precast  concrete  units,  shall  be  placed  and  secured  in  proper 
position  before  the  concrete  is  placed  in  forms. 

Electrically  welded  galvanized  wire  mesh  may  be  used  in  the  slab  section  of  roof 
or  floor  slabs. 

6.  Placing  of  Concrete 

The  equipment  for  handling,  placing  and  curing  of  concrete  shall  be  arranged  with 
a  view  to  obtaining  a  uniformly  dense  and  high  grade  concrete  in  all  parts  of  the  mem- 
bers under  all  weather  conditions.  Standard  internal  or  external  vibration,  or  both,  may 
be  required  to  produce  uniformly  dense  concrete. 

7.  Accessories 

Anchorages,  plate  inserts,  dowels,  etc.,  as  shown  on  the  drawings  shall  be  provided 
and  properly  located. 

8.  Lifting  Devices 

Suitable  lifting  devices  such  as  eyes,  cored  holes,  or  marked  lift  points  shall  be  pro- 
vided where  required  on  all  members  and  shall  be  located  so  that  in  handling  the  units 
the  design  stress  will  not  be  exceeded. 

9.  Curing 

After  casting,  the  units  shall  be  kept  moist  for  not  less  than  seven  days  by  covering 
with  wet  burbp  or,  if  approved  by  the  engineer,  membrane  curing  may  be  substituted 
for  wet  curing.  Liquid  membrane-forming  compounds  shall  meet  the  requirements  of 
current  ASTM  designation  C  309.  Steam  curing  if  specified  by  the  engineer  shall  be  in 
accordance  with   current   AREA  Specification. 

10.  Handling  and  Transportation 

Precast  structural  units  shall  be  handled  so  as  not  to  cause  overstressing. 
Units  shall  be  stored  and  handled  in  such  manner  that  the  edges  are  protected  from 
damage. 
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For  delivery  to  the  job  site,  the  units  shall  be  loaded,  transported,  unloaded  and 
handled  by  competent  workmen  and  by  such  methods  as  will  guard  against  damage. 
Units  shall  be  transported  on  vehicles  of  sufficient  length  to  provide  proper  support. 

11.  Installation 

When   required  all   units  shall  be  piece  marked  to   facilitate  instillation. 

Installation  of  units  shall  be  by  means  of  equipment  suitable  for  the  work,  and  in 
good  condition.  Units  injured  in  any  manner  during  the  installation  shall  be  repaired  or 
replaced  to  the  satisfaction  of  the  engineer  and  at  no  extra  cost  to  the  owner.  Welding 
of  connections  and  of  reinforcement  where  indicated  shall  be  as  detailed  on  the  drawings. 
The  various  units  after  being  erected,  shall  be  accurately  alined  and  adjusted. 

After  installation  the  units  shall  present  a  smooth  surface. 
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Committee 

■  Died  July  20.   1960. 
To   the  American   Railway  Engineering  Association : 
Your  committee  reports  on  the  following  >ubjects: 

1.  Revision  of  Manual. 

Progress  report,  including  recommendations  submitted   for  approval    page  454 

(a)   Revision  of  Handbook  of  Instructions  foi   ("air  and  Operation  of  Main- 
tenance <>f  Way  Equipment. 
Progress    report,   including   recommended    additions    page  455 

2.  Improvements  to  be  made  to  existing  work  equipment. 

Progress  report,  presented  as  information   page   166 

v  Basis  for  replacement  of  work  equipment,  collaborating  with  Committee  11. 

Final   report,   presented   as   information    page    i< '- 

4.  Power  tie-spacing  machines. 

Final    report,  presented   as   information    pagi 

nit-  .ind  set-ofi  attachments  for  work  equipment 

Information  on  variou    set-  0  devices  and  attachments  has  been  gathered, 

and  will  In-  presented,  along  with  additional  information  being  developed. 

at  a  later  date 
6.  Field  repairs  to  work  equipment 

Final    report,   presented   as   information    pagi 
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7.  Methods  of  scheduling   work  equipment   through  shops  for  repairs. 

Final  report,  presented  as  information    page  479 

8.  Equipment  for  the  control  and  performance  of  jacking  in  track  surfacing 
operations.  The  assembly  of  information  on  the  machines  and  devices  to  be 
covered  has  been  completed,  hut  the  committee  is  not  prepared  to  present 
a  report  at  this  time. 

The  Committee  on  Maintenance  of  Way  Work  Equipment, 

F.  L.  Horn,  Chairman. 

\KKA  Bulletin  561,  December  1960. 


MEMOIR 

jfranfe  &.  gkfjnetber 

Frank  A.  Schneider,  equipment  engineer,  Southern  District,  of  the  New  York  Cen- 
tral System  at  Indianapolis,  Ind.,  passed  away  on  July  20,  1960.  He  is  survived  by  his 
wife  Mrs.  Amelia  Schneider. 

Mr.  Schneider  was  born  on  July  8,  1895,  in  Dearborn,  Mich.,  and  was  graduated 
from  high  school  in  that  city.  In  September  1°35,  he  joined  the  New  York  Central  as 
a  helper  in  a  B&B  gang  and  subsequently  served  as  carpenter,  crane  operator,  inspector 
of  cranes,  shop  foreman,  supervisor  of  equipment,  and  equipment  engineer.  Mr.  Schneider 
retired  from  service  on  January  31,  1°60. 

He  joined  the  AREA  in  1954  and  was  a  member  of  Committee  27  from  1959  until 
his  death. 

His  dedication  to  duty  and  friendly  manners  will  be  missed  by  all  of  his  co-workers 
and  many  other  friends  and  acquaintances. 

M.   E.   Kerns 
Paul   Martin 


Report  on  Assignment   1 

Revision  of  Manual 

R.  S.  Radspinner  (chairman,  subcommittee),  J.  H.  Brown,  O.  C.  Benson,  D.  E.  Cowell, 
F.  L.  Etchison,  Wm.  Glavin,  R.  A.  Hostetter,  E.  L.  Mire,  A.  W.  Munt,  G.  E.  Roberts. 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  Chapter  27  of  the  Manual: 

Page  27-1-1 

RECOMMENDED    COLORS   FOR   PAINTING    MOTOR   CARS, 
ROADWAY  MACHINES  AND  WORK  EQUIPMENT 

Reapprove  without  change 
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Pages  27-1-1   and  27-1-4 

CARE   AND   OPERATION   OF   MAINTENANCE   OF   WAY 
EQUIPMENT 

Reapprove  with  the  following  revision: 

Substitute  the   following  for  Par  8  on  page  27-1-4: 

8.  Shops  for  the  repairs  of  roadway  equipment  should  be  centrally  located  and 
entirely  under  the  control  of  the  maintenance  of  way  department.  Modern  shop  equip- 
ment suited  to  the  work  to  be  done  should  be  provided.  A  list  of  desirable  machinery 
and  tools  is  shown  in  the  Proceedings,  Vol.  47,  1946,  pages  186-192;  Vol.  60,  1959,  pages 
461-468.  This  list  may  be  modified  to  suit  conditions  on  any  railroad. 

Report  on  Assignment  1   (a) 

Revision  of  Handbook  of  Instructions  for  Care  and  Operation 

of  Maintenance  of  Way  Equipment 

R.  E.  Berggren  (chairman,  subcemmittee),  R.  W.  Bailey,  T.  S.  Bean,  L.  B.  Cann,  Jr., 
L.  E.  Conner,  W.  T  Hammond,  C.  F.  Lewis,  V.  W.  Oswalt,  J.  W.  Risk,  H.  A. 
Thyng,  S.  E.  Tracy,  F.  E.  Yockey. 

In  its  last  report  your  cemmittee  submitted  reports  on  five  units  of  equipment  with 
the  recommendation  that  they  be  included  in  the  next  revision  of  the  Handbook  (Pro- 
ceedings, Vol.  61,  1960,  pages  492  to  502). 

Investigation  develops  that  the  two  additional  machines  and  one  additional  attach- 
ment covered  by  this  year's  repcrt  have  sufficient  general  distribution  and  use  to  justify 
writing  instructions  covering  their  care  and  operation. 

It  is  the  recommendation  of  the  committee  that  this  material  also  be  included  in 
the  next  revision  of  the  Handbook. 

ANCHOR  APPLICATOR 

(1961) 

DESCRIPTION:  A  self-propelled,  four- wheel  track-mounted  unit, 
consisting  of  a  power  plant  and  hydraulic  system  with  components 
for  operation  of  self-propulsion  and  piston  rams  to  complete  opera- 
tion of  applying  rail  anchors.  A  manually  operated  hydraulic  jack 
permits  turn  around  or  removal  of  machine  from  track. 
ATTACHMENTS:  Assortment  of  tool  arms  for  various  types  of 
anchors. 

USE:  To  apply  drive-on  and  tool-applied  anchors  by  hydraulic  pres- 
sure against  tie  sides  and  on  to  the  base  of  rail. 
APPROXIMATE  WEIGHT:   2,300  lb 
OPERATING  SPEEDS: 

Engine  1,800  rpm 

Self-Propulsion  15  mph 
HYDRAULIC  SYSTEM: 

Pressure  1,000  psi 

Reservoir  Capacity   13  gal 
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CARE  AND  OPERATION: 

3.1.80  Daily  inpection  must  be  made  of  hydraulic  reservoir,  hose 
and  connections  to  insure  against  leaks  and  d:mage  by  crushing  or 
abrasion  from  contact  with  other  parts  of  the  machine. 

3.1.81  Control  valve  to  manual  hydraulic  jack  must  be  closed 
before   starting   anchor-applying   operation. 

3.1.82  With  engine  running  at  fu!l  speed  and  clutch  engaged  to 
run  hydraulic  pump,  check  hydraulic  pressure  by  pushing  button 
located  at  pressure  gage.  Norirnl  starting  prersure  is  1,000  lb  and 
can  be  corrected,  if  necessary,  by  turning  adjusting  screw  on  opera- 
tor's side  of  pump. 


WIRES  AND  EQUIPMENT  FOR  SURFACING  TRACK 

(1961) 

DESCRIPTION:  An  assembly  of  taut  wire  or  wires,  spacer  bug- 
gi3s  and  two  end  buggies  riding  on  the  rails  with  wires  in  such  posi- 
tion that  adjustments  to  track,  such  as  surfacing  and  lining,  may 
be  accomplished  by  direct  reference  to  the  taut  wires. 

SURFACING: 

Surfacing 
Out-oj-Face     Spotting 

Length  of  wire   300  ft  50  ft 

Height  of  wire  above  rail: 

at  end  buggy  pulleys  60J4  in         60^  in 

at  tamper-jack   pointers    60 iV  in 

Distance  (pointers  to  pulleys) 

tamper-jack  to  rear  bu^gy   25ft  20  ft 

tamper-jack   to   front   buggy    100  ft  30  ft 

Weights: 

front  buggy   (4  wheel)    215  lb 

rear  buggy  (4  wheel)  with  reel  340  lb 

intermediate  buggy   57  lb 

USE:    For  use   with   power-operated  raising   and   tamping  machines. 
CARE  AND  OPERATION: 

Setting  Up 

4.20.1  To  install  and  check  the  pointer  assembly  on  the  tamper 
jack,  proceed  as  follows: 

a  Remove  the  two  bolts  in  "U"  shape  hanger. 
b  Place  hanger  on  cross  level  bar,  center  it,  and  install  bolts 
removed,  but  do  not  tighten  them. 

c  Set  tamping  jack  on  track,  place  height  gage  across  rail 
directly  below  pointer,  hold  the  scale  end  of  pointer  at  zero, 
then  raise  or  lower  pointer  assembly  by  turning  adjusting  screws 
until  the  top  edge  of  pointer  that  makes  contact  with  surfacing 
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wire  is  even  with  the  bottom  edge  of  the  gaging  stripe  or  60  iV. 
in  above  the  top  of  rail. 

d  After  pointer  on  both  sides  of  machine  has  been  set,  tighten 
"U"  clamp  bolts  securely. 

4.20.2  Make  the  following  adjustments  en  the  tamper-jack, 
whether  to  be  used  with  the  surfacing  wire  or  spot  board  to  insure 
correct  cross  level: 

a  Place  machine  on  track  and  lower  cross  level  support  rollers 
to  top  of  rail. 

b  Turn  both  superelevation  screws,  if  necessary,  so  that  each 
scale  reads  zero. 

c  Use  standard  track  level,  place  chalk  mark  on  rail  where 
track  is  level. 

d  Move  tamping-jack  so  that  the  cross  level  support  rollers 
are  on  chalk  mark;  then  make  adjustments  to  roller  bracket  as 
may  be  necessary  to  have  level  on  the  tamper-jack  show  the 
condition  found  by  use  of  the  standard  track  level. 

e  Find  another  level  spot  by  use  of  the  standard  track  gage, 
move  machine  to  it,  and  check  indication  of  level  mounted  on 
tamper-jack  to  insure  that  the  cross  level  is  properly  set. 

4.20.3  Set  front  and  rear  buggies  on  track,  connect  spacer  buggies 
between  them  and  tamper-jack  to  obtain  distances  previously  given. 

4.20.4  String  surfacing  wire  between  rear  and  front  buggies.  Make 
sure  that  wire  is  in  pulley  groove. 

4.20.5  Place  counterweight  on  end  of  rear  and  front  buggies  on 
the  shelf  provided. 

4.20.6  Turn  horizontal  adjusting  screws  as  necessary  to  center  the 
wire  on  the  pointer  arm. 

4.20.7  Tighten  wire  on  reel  as  necessary  to  hold  weighted  arm,  on 
rear  buggy,  in  horizontal  position  between  guides. 

4.20.8  Check  the  height  of  wire  on  both  sides  of  front  and  rear 
buggies,  as  follows: 

a  Select  a  level  flat  spot  on  the  track  and  set  equipment  on 
it. 

b  Turn  vertical  screw  adjustment  to  obtain  60J4  hi  distance 
between  top  of  rad  and  wire.  (Top  edge  of  gaging  stripe) 

c  After  each  adjustment  is  made,  loosen  screws  and  sei  the 
scale  to  zero. 

4.20.9  When  necessary  to  make  adjustments  with  the  horizontal 
screw,  first  release  the  tension  on  the  wire. 

4.20.10  Care  must  be  exercised  in  the  handling  of  this  wire  to 
prevent  kinking  it. 

4.20.11  When  winding  wire  on  the  reel,  pull  it  through  a  cloth 
moistened  with  light  oil. 
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4.20.12  Wipe  the  wire  clean  with  a  dry  cloth  when  stringing  it 
on   buggies. 

4.20.13  Disconnect  and  wind  the  wire  on  the  reel  when  traveling 
to  and  from  work. 

4.20.14  The  pointer  opposite  the  one  indicating  the  condition  of 
the  grade  rail  should  be  raised  and  secured  to  prevent  contact  with 
the  wire  during  surfacing  operations.  Perform  work  as  indicated  by 
pointer  for  the  grade  rail,  then  cross  level  by  the  use  of  level  on 
tamper-jack. 

Starting  the  Raise 

4.20.15  Select  a  high  spot  just  ahead  of  starting  point  and  place 
machine  upon  it. 

4.20.16  Adjust  front  buggy  wire  support  until  pointer  on  tamper- 
jack  reads  zero. 

4.20.17  Move  tamper-jack  in  direction  of  raise  to  first  jacking 
position. 

4.20.18  Make  the  lift,  tamp  the  ties,  release  the  lifting  ram  and 
rail  clamps.  Pointer  on  tamper-jack  must  read  zero  and  cross  level, 
as  indicated  by  the  level  on  the  machine,  must  be  correct  before 
proceeding  to  next  jacking  position. 

4.20.19  Check  reading  on  scale  mounted  on  front  buggy.  If  de- 
sired raise  is  indicated,  proceed  as  previously  directed.  If  additional 
or  less  raise  than  indicated  by  the  reading  on  front  buggy  is  desired, 
screw  up  or  down  %  to  %.  in  after  each  raise  until  the  desired  total 
raise  is  indicated  on  the  scale. 

4.20.20  On  tangent  track,  the  adjustment  of  the  front  buggy 
should  require  little  or  no  adjustment,  except  in  making  a  run-off, 
but  employee  in  charge  of  surfacing  operation  should  make  frequent 
check  of  the  raise  as  indicated  by  scale  on  the  tamper-jack  and  make 
adjustments  on  front  buggy  as  may  be  necessary.  Humps  and  sags 
in  the  track  will  require  frequent  changes. 

4.20.21  When  the  wire  on  the  rear  buggy  has  been  properly  set, 
no  adjustments  are  necessary,  except  such  horizontal  movements  as 
may  be  required  to  keep  the  wire  in  the  center  of  the  pointer  and 
in  the  surfacing  of  curves. 

Curved  Track 

4.20.22  When  surfacing  on  a  curve,  the  low  rail  is  the  grade  rail. 

4.20.23  When  grade  rail  on  curve  is  opposite  the  one  being  used 
on  tangent  track,  proceed  as  follows: 

a  Before  reaching  spiral,  release  the  pointer  for  opposite  rail. 

b  When  both  pointers  read  zero  after  a  lift  has  been  made, 
block  out  the  pointer  opposite  the  one  for  the  grade  rail  on  the 
curve. 
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c  When  front  buggy  reaches  the  spiral,  lower  the  wire  over 
the  high  rail  to  keep  it  level,  as  indicated  by  pendulum  or  the 
spirit    level    mounted   on    buggy. 

d  Before  the  tamper-jack  reaches  the  spiral,  determine  tin- 
amount  of  adjustment  necessary  and  mark  the  superelevation 
desired  in  multiples  at  the  jacking  point. 

e  Operator  shall  lower  crors  level  support  on  high  rail  to 
provide  superelevation  indicated. 

f  When  the  rear  buggy  reaches  the  spiral,  lower  the  wire 
over  the  high  rail  as  outlined  in  "c"  above. 

g  Front  and  rear  buggies  and  tamping-jack  must  be  adjusted 
at  the  leaving  end  of  the  curve,  reversing  the  procedures  out- 
lined. 

Run-Offs 

4.20.24  In  making  temporary  run-off,  reduce  the  setting  on  front 
buggy  by  1  in  at  each  jacking  point  and  continue  until  the  scale 
reads  2  in  below  zero. 

4.20.25  In  making  permanent  run-off,  reduce  the  setting  on  front 
buggy  by  l/2  in  per  rail  length  until  scale  reads  2  in  below  zero. 

To  Start  Surfacing  on  Run-off 

4.20.26  Place  tamper-jack  at  the  second  jacking  point  back  of  the 
last  full  raise. 

a  Adjust  wire  support  on  front  buggy  until  pointer  is  one 
mark  below  zero. 

b  Make  lifts  with  this  setting  on  the  indicator  on  front  buggj 
until  point  of  the  last  full  raise. 

c  At  first  jacking  point  beyond  the  last  full  raise,  adjust 
front  buggy  in  %  -or  %-in  increments  until  the  previous  raise 
setting  is  reached. 

4.20.27  Release  locking  screws  before  and  tighten  them  again 
after  making  adjustments  on  wire  and  leveling  devices. 

WIRES  AND  EQUIPMENT  FOR  LINING  TRACK 

(1961) 

DESCRIPTION:  An  assembly  of  taut  wire  or  wires,  spacer  bug- 
gies, two  end  buggies  and  an  indicator  buggy  riding  on  the  rails  with 
wires  in  such  position  that  adjustments  to  track,  such  as  surfacing 
and  lining,  may  be  accomplished  by  direct  reference  to  the  taut 
wires. 

LINING: 

Length   of    wire    ISO  ft 

Distance  from   (pulley  to  indicator): 

*rear  carriage  to  indicator  carriage    20ft 

♦front  carriage  to  indicator  carriage    100  ft 

•  With    5    spacer    buggies) 
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Weights: 

front  buggy   (4  wheels)   with  reel   240  lb 

rear  buggy   (4  wheels)    1 70  lb 

indicator  buggy   (4  wheels)    153  lb 

intermediate  buggy   (2  wheels)    57  lb 

USE:    For  use  with  power-operated  lining  machines. 

CARE  AND  OPERATION: 

General 

4.19.1  Care  must  be  exercised  in  the  handling  of  the  indicator 
carriage,  spacer  bugg'es  and  wire  position  template  to  prevent 
damage. 

4.19.2  The  indicator  carriage  must  be  placed  near  set-cff  wheels 
on  the  end  of  the  liner  nearest  the  rear  carriage  to  obtain  correct 
readings. 

4.19.3  The  wheel  spring  chains  on  the  three  carriages  must  be 
placed  in  position  in  the  slot  over  the  line  rail  on  tangent  track, 
and  over  the  high  rail  on  curves. 

4.19.4  Care  must  be  exercised  in  the  handling  of  the  line  wire 
to   prevent  kinking  it. 

4.19.5  When  winding  the  wire  on  the  reel,  pull  it  through  a  cloth 
moistened  with  light  oil. 

4.19.6  Wipe  the  wire  with  a  clean  dry  lint-free  cloth  when  string- 
ing it  on  carriages.  Rust,  lint  and  dirt  on  wire  wi'.l  cause  it  to  vibrate 
and  may  produce  false  readings,  particularly  on  windy  days. 

Operation 

4.19.7  The  line  indicator  shall  be  set  up  in  the  following  manner: 
a  Place  carriage  with  wire  reel  on  it  at  rear  end  of  liner. 

b  Place  front  and  rear  carriages  and  indicator  carriage  in 
position  with  wire  support  pulleys  and  indicators  over  the  same 
rail. 

c  Install  spacer  buggies  between  liner  and  end  carriages  to 
obtain  distances  indicated  above. 

d  Install  indicator  carriage  connector  over  the  rear  axle  on 
liner. 

e  Install  all  wheel  spring  chains  toward  the  line  rail  in  slots 
provided. 

f  Release  lock  on  wire  reel  and  place  wire  in  position  over 
pulleys  and  through  slot  on  pointer,  anchoring  it  on  hook  pro- 
vided on  front  buggy. 

g  Install  counterweights  on  front  carriage. 

h  Tighten  wire  on  reel  and  lock  it  in  position  when  the  wire 
reel  bracket  will  remain  at  an  angle  of  about  30  deg. 

Checking  Wire   Position — Rear  and  Front  Carriages 

4.19.8  The  position  of  the  wire  relative  to  the  line  must  be 
checked  at  the  three  gage  points  each  time  the  equipment  is  set  up. 
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4.19.9  The  wire  position  template  stop  must  be  held  tightly 
against  the  gage  side  of  the  line  rail  while  wire  is  being  positioned. 

4.19.10  The  wire  position  template  shall  be  placed  adjacent  to 
the  pulley  on  rear  and  front  carriages  and  the  indicator  carriage 
at  the  liner. 

4.19.11  When  checking  the  pcsition  of  the  wire  p'ace  the  machine 
on  tangent  track  in  such  positin  that  the  three  gage  points — rear, 
front  and  indicator  carriage: — do  net  coincide  wuh  joints,  welds  or 
other  obitruc;ions,  and  proceed  as  follows: 

a  Place  wire  position  template  across  rail  adjacent  to  wire 
support  on  rear  carriage. 

b  Loosen  locking  screw  and  turn  horizontal  adjusting  screw 
as  necessary  to  place  the  wire  over  the  zero  mark  on  wire  posi- 
tion  template. 

c  Lock  adjusting  screw  to  prevent  horizontal  screw  from 
turning. 

d  Check  the  position  of  wire  at  the  front  carriage  and  set  to 
zero  in   the  manner  described  for  the  rear  carriage. 

Checking    Wire    Position — Indicator    Carriage 

4.19.12  To  check  the  position  of  the  wire  and  set  it  correctly  at 
the  indicator  carriage,  proceed  as  follows: 

a  Piace  wire  position  template  adjacent  to  track  wheels  of 
indicator  carriage. 

b  Loosen   horizontal   screw   lock. 

c  Ho'.d  pointer  on  indicator  at  zero. 

d  Turn  adjusting  screw  to  place  wire  on  zero  on  the  tem- 
plate. 

e  Tighten   horizontal   screw   lock. 

f  Loosen  wini  nut  and  set  ordinate  scale  mounted  on  indi- 
cator  carriage   frame   to   zero. 

Lining   Tangent   Track 

4.19.13  Check  wire  position  at  the  three  gaging  points — rear  front 
and  indicator — to  insure  zero   readings  as  previously   instructed. 

4.19.14  Make  sure  that  the  ordinate  scale  is  locked  in  the  zero 
position. 

4.19.15  Observe  pointer  as  machine  is  moved  over  the  track  and 
proceed  until  a  point  is  reached   when'  zero   is  indicated. 

4.19.16  After  locating  thi-  zero  poinl  nunc  machine  forward,  stop 
at  each  one-quarter  rail,  check  the  indicator  and  throw  track  as 
necessary  to  obtain  a  zero  reading  on  the  scale. 

Lining  To  a  Fixed  Point 

4.19.17  To  line  to  a  fixed  point  proceed  as  instructed  for  tan- 
gent track  until  the  front  carriage  passes  the  lasl  pi  inl  .it  which  the 
track  can   be  lined,  then   proceed  as  foil" 
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a  Anchor  the  front  and  rear  carriages  with  the  spears  pro- 
vided. 

b  Loosen  the  wire  and  remove  all  of  the  spacer  buggies. 

c   Tighten   the  wire. 

d  Move  machine  toward  front  carriage  and  line  the  track  at 
each  quarter  rail. 

To  Line  Curves 

4.19.18  First,  line  the  tangent  track  at  least  five  rail  lengths  in 
advance  of  curve. 

4.19.19  Line  into  curve  until  the  pointer  on  scale  indicates  a 
minus  or  an  in-throw  of  five  units. 

4.19.20  Back  up  two  rail  lengths  or  second  joint  on  the  low  rail, 
begin  to  read  and  plot  the  ordinates,  using  the  joint  on  the  low 
rail  as  stations.  Number  each  station. 

4.19.21  At  each  station  spot  the  liner  with  lifting  shoes  over  the 
cribs  and  spanning   the  joint. 

4.19.22  Turn  the  ordinate  adjusting  screw  until  the  pointer  on 
the  throw  indicating  scale  reads  zero. 

4.19.23  Observe  reading  on  the  ordinate  scale  and  plot  it  on  graph 
paper  at  proper  station. 

4.19.24  Continue  reading  at  each  station  and  plot  on  graph  paper 
to  the  end  of  the  spiral  which  will  be  indicated  when  the  ordinates 
begin  to  show  a  fiat  curve. 

4.19.25  From  the  ordinates  on  the  fiat  portion  of  the  graph,  select 
an  apparent  average  ordinate  for  the  full  body  of  the  curve. 

4.19.26  Set  the  selected  apparent  average  on  the  scale  and  move 
the  machine  slowly  around  the  curve  at  the  same  time  observing 
the  movement  of  the  pointer  on  the  throw  sca'e.  If  the  throw  scale 
moves  the  same  distance  each  side  of  zero  the  average  is  satisfac- 
tory. If  not,  the  ordinate  should  be  changed  and  the  body  of  the 
curved  rechecked  until  the  pointer  moves  about  the  same  distance 
on  each  side  of  the  zero  on  throw  scale. 

4.19.27  Operator  on  liner  should  determine  the  average  ordinate 
for  the  body  of  curve  while  the  employee  making  the  graph  draws 
the  desired  ordinate  for  the  spiral,  completing  graph  to  blend  with 
the  average  selected  for  the  full  body  of  curve. 

Compound  Curves 

4.19.28  While  checking  to  determine  the  average  ordinate  for  the 
curve  the  operator  must  watch  the  throw  indicator  carefully. 

4.19.29  If  the  throw  scale  indicates  an  average  ordinate  different 
from  the  one  selected  as  the  average  for  the  body  of  that  curve, 
a  compound  is  indicated. 
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4.19.30  The  location  of  the  change  in  ordinate  should  be  marked 
on  the  track  so  that  the  proper  change  in  the  ordinate  setting  can 
be  made  when  this  point  is  reached  in  the  lining  operation. 

Lining   Spiral   and    Body   of   Curve 

4.19.31  Move  the  liner  back  to  station  '"0",  set  the  ordinate  scale 
as  indicated  on  graph  to  obtain  the  desired  ordinate  at  each  one- 
quarter  rail,  and  line  at  these  points  to  obtain  zero  reading  on  the 
throw  scale. 

4.19.32  The  ordinate  indicated  on  graph  at  each  lining  point, 
one-quarter  rail,  should  be  marked  on  a  tie  or  on  the  base  of  the 
rail,  and  the  employee  setting  ordinate  on  scale  must  be  sure  that 
the  setting  is  exact. 

4.19.33  The  operator  must  line  the  track  at  each  throw  point  to 
obtain  zero  readings  on  the  throw  scale. 

4.19.34  When  the  full  body  of  the  curve  is  reached,  lock  the  or- 
dinate scale  at  the  average  previously  selected  and  continue  to  line 
the  body  of  the  curve. 

Compound  Curve 

4.19.35  If  the  curve  had  a  compound,  stop  lining  at  the  point 
previously  marked,  read  and  plot  the  ordinates  at  enough  stations 
to  span  the  average  ordinates. 

4.19.36  Draw  the  desired  ordinate  curve  to  blend  with  the  average 
ordinates. 

4.19.37  Back  up  to  the  last  correctly  lined  station  in  the  body 
of  the  curve,  read  the  desired  ordinate  from  the  graph,  mark  this 
reading  at  each  one-quarter  rail,  set  ordinate  scale  on  machine  and 
line  as  previously  instructed. 

4.19.38  If  the  pointer  on  the  throw  scale  indicates  a  move  of  10 
or  more  units,  the  operator  shall  throw  the  track  only  one-half  of 
the  amount  indicated.  Do  this  for  not  more  than  four  lining  points. 

4.19.39  If  the  throw-scale  pointer  indicates  no  throw  or  a  throw 
in  the  opposite  direction  before  four  lining  points  are  reached,  do 
not  throw  the  track  but  instead  return  to  the  last  correctly  lined 
point  and  recheck  it,  then  line  the  track  at  each  throw  point  just 
as  if  no  previous  lining  had  been  done. 

Leaving  Spiral 

4.19.40  When  nearing  the  leaving  spiral  select  the  approximate 
point  of  spiral  by  eye. 

4.19.41  When   the   pointer  on   the   throw  scale  shows  an  increas 
ingly    longer    throwout,    stop    lining,    read    and    plot    the    ordinates, 
starting  two  rail  lengths  back  of  the  last  correctly  lined  station. 

4.19.42  After  plotting,  sketch  in  the  desired  ordinate  curve,  return 
to  the  first  station  and  proceed  as  previously  instructed  for  the 
entering  spiral. 
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4.19.43  When  zero  ordinate  is  reached,  lock  the  ordinate  adjusting 
screw  and  continue  to  line  tangent  track  as  necessary. 

Plotting  and  Lining 

4.19.44  The  markings  on  the  ordinate  throw  scales  are  in  tenths 
of  an  inch  and  are  usually  referred  to  as  units. 

4.19.45  The  line  indicator  with  five  spacer  buggies  is  satisfactory 
for  curves  up  to  4  deg.  Fcr  sharper  curves  one  or  more  buggies 
must  be  removed  to  keep  the  maximum  ordinate  small  enough  for 
reading  and  plotting. 

4.19.46  The  following  chart  shows  the  number  of  buggies  to  be 
used  for  curves  over  4  deg: 

a  5  deg — 4  spacer  buggies 
b  6  deg — 3  spacer  buggies 
c  8^   deg — 2   spacer  buggies 

CARS— BALLAST  DRAINAGE,  TYPE  3 

(1961) 

DESCRIPTION:  This  is  an  on-track  machine  similar  to  the  Type 
2  car  with  four-wheel  drive,  but  fcr  one-man  operation.  It  has  a 
single  frame  mounted  on  each  side  to  which  are  attached  the  various 
hydraulically  controlled  acces:or;es.  Included  is  mounting  for  front 
plow  and  rear  track  brush  with  separate  gasoline  engine.  The  con- 
trols are  all  in  the  one-man  cab. 

ATTACHMENTS:    Scarifiers,  disks,  reversible  blades,  ballast  boxes, 
center  plow  and  track  brush. 

USE:  To  improve  drainage  in  ballast  in  the  shoulder  by  scarifying 
and  disking  action,  removing  mud  dams  from  ends  of  ties,  equal- 
izing the  distribution  of  ballast  in  connection  wLh  tie  renewals  and 
surfacing  operations,  sweeping  surplus  ballast  and  reshaping  of  the 
ballast  section. 
APPROXIMATE  WEIGHT: 

20,000  lb 
OPERATING  SPEED: 

Engine  (propelling) 

2,000  rpm 

68  brake  hp 

Engine  (hydraulic  pump) 

1,800  rpm 

11  brake  hp 

Engine   (brush) 

2,150  rpm 

25  brake  hp 
HYDRAULIC  SYSTEM: 

Pressure 

2,000  psi 

Reservoir  capacity 

25  gal 
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CARE  AND  OPERATION: 

Hydraulic  System 

3.4.32  Daily  inspection  must  be  made  of  hose  and  connections 
and  corrections  made  to  prevent  leaks  and  damage  by  crushing  or 
abrasions  from  contact  with  other  parts  of  the  machine. 

3.4.33  Reservoir  must  be  filled  to  operating  level. 

3.4.34  Use  only  an  approved  hydraulic  oil  in  the  hydraulic  sys- 
tem.  Do   not   use  hydraulic  brake   fluid. 

3.4.35  Oil  must  be  kept  free  of  dust,  water,  sealing  compounds 
and   other   foreign   matter. 

3.4.36  With  continuous  use  of  the  machine,  the  hydraulic  system 
must  be  drained,  cleaned  and  new  oil  put  in  every  6  months.  If  oil 
turns  dark  or  becomes  milky  colored,  it  should  be  changed  promptly. 

Torque  Converter 

3.4.37  Use  only  an  approved  hydraulic  oil  same  as  in  hydraulic 
system. 

3.4.38  Do  not  remove  plug  to  check  or  fill  when  converter  is 
hot. 

Brakes 

3.4.39  Vacuum  brake  cylinder  requires  2  oz  of  vacuum  brake  oil 
in  each  end  every  6  months. 

3.4.40  The  operator  must  not  leave  machine  unattended  without 
first  setting   the   manually   operated   brake. 

Operating  Frames,  Front  Plow  and  Rear   Brush 

3.4.41  The  frames  and  plow  must  be  raised,  securely  placed  and 
resting  in  the  hook  brackets,  or  in  the  hooks  provided  to  secure 
them  to  the  chassis  frame,  and  the  brush  must  be  raised  so  that 
the  mechanical  lock  holds  it  up  when: 

a  The  machine   is  travelling   to  and   from  work. 

b  The  machine   is   travelling   light    while   at   work. 

c  While  crcssing  bridges,  passing  station  platforms,  and  other 
places  where  the  sudden  failure  of  a  hydraulic  hose  or  other 
part  might  result  in  personal  injury  or  damage  to  property. 

d  When  the  m  chine  is  unattended  and  the  frame  or  tin- 
attachments  are   not   resting   upon   the   ground. 

3.4.42  Wear  plates  on  blades  cf  plow  and  boxes  must  be  removed 
for  reconditioning  before  they  reach  a  worn  out  condition. 

3.4.43  All  employees  must  remain  outside  the  radius  of  the  work- 
ing   frames   win  n   they   are  in   a    raised   position   and    unhooked. 

3.4.44  The  frames  must  be  in  the  down  position  or  securel) 
blocked  when  repairs  or  adjustments  are  m  de  to  the  frame  or  the 
attachments. 

3.4.45  Operating  fr  mes  and  attachments  must  be  kept  in  proper 
adjustments  and  operated  in  such  a  manner  that  damage  will  not 
result  to  signal  cables,  bootlegs,  and  other  prop 
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Report  on  Assignment  2 

Improvements  to   Be   Made  to   Existing  Work   Equipment 

G.  L.  Zipperian  (chairman,  subcommittee),  R.  E.  Berggren,  R.  0.  Cas-ini,  K.  J.  DeCamp, 
S.  E.  Haines,  Jr.,  R.  A  Hostetter,  R.  M.  Johnson,  H.  F.  Longhelt,  H.  C.  Nordstrom, 
F.  A.  Schneider,  M.  M.  Scansbury. 

This  is  a  progress  report,  submitted  as  information,  and  is  a  continuation  of  the 
progress  reports  submitted  by  this  committee  and  found  in  the  Proceedings,  Vol.  53, 
1952,  page  396;  Vol.  54,  1953,  page  666;  Vol.  55,  1954,  page  502;  Vol.  56,  1955,  page 
525;  Vol.  57,  1956,  page  488;  Vol.  58,  1957,  page  585;  Vol.  59,  1958,  page  629  and  Vol. 
60,  1959,  page  427.  It  covers  changes  in  work  equipment  that  this  committee  has  found 
to  be  practical  and  desirable. 

Track  Broom 

This  is  a  four-wheel,  rail-mounted  machine  for  sweeping  excess  ballast  from  the 
tops  of  the  ties  between  and  outside  the  rails  and  distributing  it  on  the  shoulder. 

Suggested  improvements  to  this  machine: 

1.  The  hydraulic  pump  is  mounted  on  the  engine  timing  gear  case  and  driven  by 
the  camshaft  timing  gears  through  an  idler  gear.  The  additional  load  imposed  on  the 
timing  gear  train  and  front  camshaft  bearing  has  resulted  in  failure  of  the  bearing  and 
gears,  making  frequent  replacement  necessary,  and  in  some  cases  due  to  severe  damage, 
has  made  engine  replacement  necessary.  Suggest  the  pump  be  driven  from  the  engine 
crankshaft   or  other  suitable   means. 

Combination  Tamper-Jack 

This  is  a  four-wheel,  track-mounted,  self-propelled  machine  used  to  raise  track 
hydraulically  and  tamp  sufficient  ties  to  eliminate  uje  of  leveling  jacks  used  in  sur- 
facing operation. 

Suggested   improvements   to   this   machine: 

1.  The  top  of  the  hydraulic  oil  storage  tank  is  flat,  and  the  cover  is  made  in  three 
sections  bolted  around  the  edges  with  a  gasket  between  the  covers  and  flanged  bedy  of 
tank.  This  type  of  construction  allpws  rain  water  to  contaminate  the  hydraulic  oil, 
causing  failure  of  hydraulic  components.  Top  of  tank  should  be  of  welded  construction 
with  removable  bolted  opening  in  the  center  to  give  access  to  the  suction  filters. 

2.  The  tie  finder  mechanism  needs  to  be  improved.  The  finder  lever  is  of  weak  con- 
struction, easy  to  distort,  and  then  sticks  in  the  bracket. 

3.  The  mounting  bracket  which  supports  the  hydraulic  motor-driven  cooling  fan 
for  the  oil  cooling  radiator  is  made  of  very  light  angle  iron,  allowing  cooling  fan  blades 
to  strike  the  radiator. 

Tie  Tamper   (Multi-Tool,  Electrical,  Vibratory) 

This  is  a  four-wheel,  track-mounted,  self-propelled,  electrical  vibratory  machine, 
with  divided  work  head  and  two  groups  of  four  vibratory  motors  each  equipped  with 
two   tamping   bars. 

Suggested  improvements  to   this  machine: 

1.  A  socket  head  cap  screw  is  used  for  clamping  the  suspension  belt  adjusting  bolt. 
When  the  special  tool  is  not  available  in  the  field,  replacement  of  suspension  belts  is 
difficult  and  time  consuming.  It  is  felt  that  the  suspension  belt-tightening  arrangement 
can  be  constructed  so  a  minimum  of  lost  time  is  required  when  changing  belts.  Hexagon- 
head  cap  screws  should  be  used  where  possible. 
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Rail  Anchor  Applicator 

This  is  a  four-wheel,  track-mounted,  self-propelled  machine  for  applying  saveral 
types  of  rail  anchors  two  at  a  time,  anchoring  the  tie  while  holding  the  anchors  tight 
against  the  tie  face. 

Suggested  improvements  to  this  machine: 

1.  The  nipper  assembly  wear  plates  and  other  components  are  bolted  with  socket- 
head  cap  screws  requiring  special  tools  not  always  available  in  the  field.  It  is  suggested 
that  where  possible  hexagon-head  cap   screws  be  used. 

2.  The  hydraulic  oil  reservoir  should  have  baffles  or  be  reinforced  on  the  inside  to 
prevent  b.eakage  of  welds  on  the   four  corners. 

3.  The  cylinder  brackets,  numbers  775101  and  7751C2,  are  bending  and  cracking. 
These  brackets  should  be  mada  of  heavier  material. 

Derrick  Car 

This  is  a  four-wheel,  push-car-mounted  derrick  with  gaso'.ine-engine-driven  power 
lift. 

Suggested  improvements  to  this  machine: 

1.  Apply  a  hand  or  power  slewing  device  to  be  operated  by  the  man  en  the  deck 
of  the  car.  At  present  the  load  must  be  rotated  by  pushing  the  boom,  load  line  or  load, 
which  presents  a  hazard  on  bridge  work. 

Front  End  Loader   (180-Deg  Swing,  Rubber-Tire  Mounted) 

This    is    a    rubber-tire-mounted,    four-wheel-drive,    front-end-loader    with    ISO-deg 

swing  so  it  can  load  over  the  side.  It  is  also  used  for  laying  rail. 
Suggested  improvements  to  this  machine. 

1.  Front  wheel  steering  arms  anl  drag  link  arrangement  are  being  distorted  and 
broken  by  the  power  steering  mechanism  when  obstructions  are  crossed.  It  appears  that 
the  steering  arrangement  components  are  not  oi  sufficient  strength  and  should  be 
redesigned. 

2.  Provide  a  guide  arrangement  on  steering  control  linkage  which  would  use  exist- 
ing rail  for  reference  to  prevent  tires  from  being  damaged  by  the  angle  bar  bolts  when 
laying  continuous  welded  rail. 

Tie  Bed  Scarifier 

This  is  a  four-wheel,  track-mounted,  self-propelled  machine  used  to  dig  the  tic 
bed  to  the  proper  depth  for  out-of-face  tie  renewals. 

Suggested   improvements   to   this   machine: 

1.  Standardize  hydraulic  hose  and  fittings.  This  machine  is  now  equipped  with  hoses 
from   several   manufacturers. 

2.  Replace  present  standard  flexible  couplings  on  drive  shaft  with  heavy-duty 
couplings. 

3.  Provide  a  guard  over  chain  and  sprocket  drive  on  digging  drums  to  prevent 
ballast   or  other  material   from   getting   between   chain  and   sprockets. 

Gager  Track 

This  is  an  on-track  machine  used  to  position  the  tie  plates  and  drill  the  holes  in 
the  ties  for  anchor  plugs  or  spikes  in  out-of-face  rail   laying. 

Suggested  improvements  to  this  machine: 

l.  Reinforce  or  apply  baffles  to  the  inside  "i  hydrauli<  <>il  tank  to  prevent  welds 
breaking  at  the  four  corners. 
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Ballast  Router 

This  is  a  rail-mounted  machine  used  to  remove  the  ballast  between  the  outer  ends 
of  ties  so  that  the  blades  of  the  cutting  heads  on  adzing  machines  do  not  strike  the 
ballast. 

Suggested  improvements  to  this  machine: 

1.  Channel-iron  frame  members  en  each  side  of  router  assembly  have  been  breaking 
at  bend,  just  behind  location  of  pillow  boxes  for  rotating  shaft  which  supports  bucket 
chain   sprocket.    Reinforce   or   increase   size   of   channel. 

Combination  Spike  Puller  and  Tie  Remover 

This  is  an  on-track,  four-wheel-mounted  machine  used  to  pull  spikes.  It  also  incor- 
porates a  rail  lifter  to  remove  tie  plates,  and  removes  old  ties  and  replaces  new  ties. 

Suggested  improvements  to  this  machine: 

1.  Place  cover  for  the  tie  pusher  assembly  to  prevent  dirt  and  grit  from  scoring 
cylinders. 

2.  Remove  gas  tank  from  engine  mounting  and  mount  on  machine  frame  to  avoid 
breakage  caused  by  engine  vibration. 

3.  Extend  exhaust  pipe  40  in  to  prevent  fumes  from  blowing  in  operator's  face. 

4.  Put  keeper  latch  on  the  spike  puller  traverse  carrier  to  prevent  spike  puller  from 
rolling  from  side  to  side,  as  in  setting  off. 

5.  Reinforce  front  plate  assembly  W-66S27.  It  is  weak  on  the  top  side. 

6.  Clamp   assembly   is    weak.    Replace   cotter   pins   with   bolts   and   lock-tight   nuts. 

Tie  Spacer 

This  is  a  four-wheel,  track-mounted,  self-propelled  machine  used  for  spacing  ties 
in  ballasted  track;  also  when  ties  are  replaced  before  cribs  are  filled,  such  as  in  a 
sledding  operation. 

Suggested  improvements  to  this  machine: 

1.  Provide  a  grid-type  deck  instead  of  the  plate  deck  under  the  operator's  platform 
to  reduce  slipping  hazard  and  provide  better  visibility. 

Tie  Tamper   (Multi-Tool,   Hydraulic,  Squeeze-Vibratory) 

This  is  a  four-wheel,  track-mounted,  self-propelled,  hydraulically  operated,  split- 
head  type  of  tamper,  equipped  with  high-speed  eccentrics  which  impart  rapid  vibrations 
to  the  tamping  bars,  and  which  forces  the  ballast  under  the  ties  by  means  of  a  squeezing 
action  in  the   tamping  bars. 

Suggested  improvements  to  this  machine: 

1.  The  main  tank  for  the  hydraulic  oil  supp'y  is  of  a  rectangular  type,  mounted 
under  the  deck,  with  a  rectangular  off-set  which  extends  above  the  deck,  through  which 
passes  a  clutch  control  shaft.  The  tank  is  fabricated  from  flat  metal  sheet  welded  together 
at  the  edges,  and  is  fastened  to  the  frame  of  the  tamper  on  one  side  only,  with  hanging 
brackets  and  no  support  under  the  bottom.  Because  of  vibration  in  the  tamper  and 
inadequate  support  for  the  tank,  the  welds  along  the  tank  seams  crack  open.  In  order 
to  make  repairs  the  tank  must  be  removed  and  rewelded.  It  is  suggested  that  the  main 
hydraulic  tank  be  made  of  proper  design  without  welds  at  the  corners,  and  baffled. 
It  should  be  properly  supported  in  the  frame  with  brackets  on  both  sides.  In  order  to 
facilitate  removal  no  shafts  should  pass  through  it. 

2.  The  surge  tanks  in  the  circuit  for  raising  and  lowering  the  work  heads,  located 
on   the   right-hand  side   just   opposite   the   main   hydraulic  reservoir,  have  been  cracking 
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at  the  ends  and  especially  at  the  female-threaded  bosses  at  each  end.  These  bosses  are 
welded  to  the  ends  of  tanks.  It  is  suggested  that  these  tanks  be  constructed  of  heavier 
gage  material  to  withstand  the  surge  forces  of  the  hydraulic  oil. 

Track  Liner 

This  is  a  four-wheel,  rail-mounted,  self-propelled  machine  with  a  split  or  solid 
wheel   arrangement,   designed  primarily   for  out-of-face  lining  of  track. 

Suggested  improvement  to  this  machine: 

1.  The  brake  on  this  machine  operates  on  the  drive  shaft  and  there  is  no  brake 
on  either  of  the  axles  or  on  the  wheels.  In  event  the  drive  chain  should  bre^k,  or  if  for 
any  other  reason  the  drive  shaft  fails  to  control  the  drive  axle,  there  is  no  means  for 
stopping  the  machine  short  of  derailment.  The  machine  should  be  equipped  with  a 
mechanically  actuated  brake  of  some  sort  to  provide  positive  brake  protection  in  case 
of  emergency. 

Report  on  Assignment  3 

Basis  for  Replacement  of  Work  Equipment 
Collaborating  with  Committee   11 

N.  W.  Hutchison  (chairman,  subcemmittee),  T.  S.  Bean,  J.  H.  Brown,  R.  E.  Buss, 
L  B.  Cann,  Jr.,  L.  E.  Conner,  F.  L.  Etchison,  M.  E.  Kerns,  C.  F.  Lewis,  C.  F. 
Mcntague,  H.  C.  Pct.smith,  J.  W.  Risk,  H.  A.  Thyng,  S.  E    Tracy. 

To  one  not  familiar  with  the  cemp'exities  involved  in  deciding  when  a  unit  of  work 
equipment  should  be  replaced,  it  would  seem  logical  to  assume  that  a  machine  should 
be  replaced  when  it  is  "worn  out."  If  this  assumption  were  entirely  correct,  and  machines 
were  replaced  as  soon  as,  and  only  when,  they  are  "worn  out",  it  appears  that  the  task 
of  making  a  decision  whether  or  not  to  replace  a  specific  machine  would  be  simplified. 
However,  the  problem  is  not  a  simple  one,  and  the  question  that  naturally  follows  is, 
when  is  a  machine  "worn  out"?  It  can  be  said  with  assurance  that  the  human  body  is 
"worn  out"  when  these  vital  organs,  which  cannot  be  replaced,  cease  to  function  because 
of  long  and  continued  use.  On  the  ether  hand,  a  machine  does  not  become  Svorn  out" 
until  it  reaches  that  state  where  it  is  no  lenger  possible  to  procure  or  m:nnfacture  the 
parts  which  are  essential  to  its  operation.  Therefore,  whi'e  a  "worn  out"  condition  may 
be  the  usual  basis  for  replacing  a  machine,  there  are  many  other  factors  which  influence 
a  decision  as  to  when  and  why  it  should  be  removed  from  service. 

As  a  general  rule  it  may  be  stated  that  any  piece  of  work  equipment  should  be 
replaced  when  its  use  has  become  unprcfitable;  that  is,  when  it  is  incapable  of  effecting 
the  savings  which  management  expects  from  it,  due  to  a  variety  of  underlying  factors, 
two  of  which  are  obsolescence  and  its  inability  to  produce  as  intended.  The  determina- 
tion of  just  when  a  m:chlne  ceases  to  be  profitable  must,  of  necessity,  be  based  upon 
reliable  data  as  to  performance,  utilization,  operating  ccsts,  and  maintenance  costs. 

Obsolescence  may  result  from  the  availability  of  a  more  modern  machine  which 
can  perform  work  faster,  better,  and  cheaper;  it  may  result  from  a  change  in  trends, 
or  a  change  in  standard  practices;  it  may  be  due  to  an  unwise  purchase  in  the  first 
place;  or  it  may  occur  because  of  an  inability  to  procure  necessary  repair  parts. 

The  inabi  i!y  of  a  machine  to  produce  as  intended  must  lie  blamed  on  such  things 
as  abuse;  unskilled  operation:  failure  to  keep  it  in  Rood  operating  condition;  poor 
design;  la:k  of  intensive  use;  incorrect  machine  for  the  job;  inefficient  work  program; 
improper  organization  of  forces;  and  lack  of  interest  on  the  part  of  supervisors,  fore- 
men, and  operators. 
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A  machine  may  be  abused  because  of  lack  of  lubrication,  overwork,  or  lack  of  care, 
such  as  failure  to  remove  dust  and  dirt  which  will  cause  excessive  wear.  The  unskilled 
operation  may  be  due  to  the  lack  of  a  suitable  program  for  training  operators.  Failure 
to  keep  a  machine  in  good  operating  condition  may  be  the  result  of  a  shortage  of 
trained  repairmen,  or  inadequate  shop  facilities.  Some  machines  are  not  well  designed 
for  the  type  of  work  they  are  expected  to  perform  and  many  are  not  fully  utilized.  In 
some  instances  there  are  no  definite  work  programs,  forces  are  poorly  organized,  and 
the  supervisory  personnel,  as  well  as  the  machine  operators,  lack  interest  in  the  machines. 
Thus  a  failure  to  produce  as  intended  may  not  always  indicate  that  a  machine  has 
become  unprofitable. 

One  other  important  obstruction  in  the  path  of  maintenance  of  way  officers  when 
they  attempt  to  make  decisions  regarding  equipment  replacements,  is  the  lack  of  ap- 
propriations for  capital  expenditures  at  the  precise  moment  when  it  may  be  economical 
to  replace  a  machine.  Such  appropriations  must  be,  and  are,  entirely  contingent  upon 
the  actual  or  expected  earnings,  as  well  as  the  financial  obligations  of  the  railroad  in- 
volved. However,  it  would  greatly  facilitate  the  preparation  of  intelligent  work  equip- 
ment replacement  programs  if  it  were  possible  for  managements  to  appropriate  specific 
sums  each  year  for  this  purpose,  regardless  of  economic  conditions. 

The  foregoing  comments  serve  to  point  out  the  difficulties  involved  in  arriving  at 
some  concrete  and  logical  basis  which  may  be  effectively  used  by  railroad  officers  to 
replace  their  existing  work  equipment  at  the  exact  time  to  produce  maximum  economies. 
However,  in  spite  of  these  difficulties,  it  should  be  possible  for  each  railroad  to  formulate 
some  practical  plan  for  the  replacement  of  its  work  equipment  without  resorting  to  a 
complex  mathematical  formula  involving  a  number  of  intangibles,  or  to  equations  which 
cannot  be  resolved  due  to  a  lack  of  factual  data. 

In  order  to  produce,  if  possible,  some  sort  of  practical  plan  for  the  replacement 
of  work  equipment  that  could  be  adopted,  where  desirable,  by  any  railroad  and  modified 
to  suit  its  individual  conditions,  your  committee  requested  information  from  several 
of  the  largar  railroads  that  have  heavy  investments  in  work  equipment.  Replies  indicate 
that,  whereas  some  roads  have  a  definite  program  for  replacements,  no  specific  formula 
is  u  ed,  and  it  was  the  consensus  that,  due  to  the  many  intangible  factors  involved,  no 
workable  formula  can  be  derived,  particularly  in  view  of  the  fact  that  any  formula 
must,  of  nece:sity,  be  based  upon  accurate  and  comprehensive  ccst  records  of  operation 
and  maintenance,  along  with  utilization  and  productivity  records,  most  of  which  are 
not  readily  available. 

One  basis  for  deciding  when  a  machine'  should  be  replaced,  and  which  has  fairly 
wide  use,  is  that  of  age  in  years  or  hours  in  service.  It  is  a  not  uncommon  practice  to 
establish  a  reasonable  "service  life"  for  each  type  of  machine  when  it  is  new,  and  replace 
it  when  it  reaches  the  end  of  its  "service  life."  This  practice  h;s  merit  and  should  serve 
as  a  reliable  index  as  to  when  a  machine  will  be  unfit  for  further  service,  provided  the 
"service  life"  has  been  established  from  reliable  data.  However,  "service  life"  cannot 
give  consideration  to  sudden  obsolescence,  or  to  other  sudden  occurrences  which  have 
a  definite  influence  on  the  value  of  a  machine. 

Some  r-ilroads  base  their  equipment  replacements  entirely  upon  a  condition  rating, 
resulting  frcm  a  comprehensive  and  detailed  inspection.  Machines  given  a  rating  of 
"very  poor"  are  replaced  under  the  theory  that  a  machine  in  such  condition  will  require 
extensive  repairs  and  it  is,  therefore,  more  economical  to  apply  the  amount  of  the  ex- 
pected repair  ccst  to  the  purchase  price  of  a  new  machine. 

Certain  railroads  replace  their  machines  when  inspection  develops  that  a  complete 
overhaul  will  cost  a  certain  fixed  percentage  of  the  purchase  price  of  a  new  machine; 
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other   railroads   replace   a   certain   percentage   of    their   machines  each   year;    still   other 
railroads  have  a  committee  consisting  principally  of  the  officer  in  charge  of  work  equip 
msnt,   and   division   engineers,   which   committee   makes   recommendations   to   the   man- 
agement. 

Suggested  Procedure 

Your  committee  offers  below  a  suggested  procedure  which  might  be  used  as  a  basis 
for  replacement  of  any  existing  machines  except  those  which  have  become  definitely 
obsolete.   Such   obsolete   machines   should   be   replaced   without    regard   to   other   factors. 

a.  The  Superintendent  of  Work  Equipment   Will: 

1.  Prepare   annually   a   list  of   machines  to   be  considered  for   replacement,  based 
entirely   upon  an   expected   "service  life"  previously  established. 

2.  Make  a  thorough  inspection  of  each  machine  on  the  replacement  list  and  give 
it  a  cendition  rating  of  Very  Poor,  Poor,  Fair,  Good,  or  Very  Good. 

3.  Prepare  a  revised  replacement  list  including  only  those  classified  as  Very  Poor, 
Poor,  and  Fair,  in  order  of  preference. 

4.  Determine  for  each  machine  on  the  revised  list,  the  following  information: 

a.  Number  of  days  or  hours  used  annually. 

b.  Whe.her  repair  parts  are  likely  to  be  available  indefinitely. 

c.  Dates  cf  overhaul  or  heavy  repairs  and  costs,  if  available. 

d.  E.t.'matcd   ccst  of  repairs   to  return  it   to  good  condition. 

Note:  Where    costs    of    operation   and    maintenance    are    available,    such    costs 
should  be  considsred. 
5.  Prepare  a  statement  containing  all  essential  information,  including  that  in  4, 
and  make  recemmendations  to  management, 
b.  Upon  Receipt  of  Recemmendations  from  the  Superintendent  of  Work  Equipment , 
Management   Will  Determine: 
1.  Which  of  the  machines  are  needed. 

2.  Whether  it   is  more  economical  to  replace  the  machine,  in  each  case,  than   to 
overhaul  it. 

3.  Which  of  the  machines  are  likely  to  become  obsolete  in  the  near  future. 

4.  Exlent  of  mency  that  will  be  available  for  replacements,  based  upon  forecasts. 

5.  Which  of  the  machines  will  be  replaced. 

The  "Metre"  Method 

For  thesi  railroads  which  maintain  comprehensive  cost  records,  or  are  ab!e  to  make 
the  esrential  data  available,  a  replacement  plan  which  is  reported  as  being  successfully 
used  by  a  major  contractor  is  offered  for  consideration,  and  is  described  below. 

The  scientific  approach  offered  is  called  the  "metre"  method  which  means  "Mi  si 
Economical  Time  to  Replace  Equipment."  It  has  four  principal  divisions  which  com- 
bine to  give  an  average  accumulative  cost  per  hour  for  any  unit  of  equipment,  as 
follows: 

1.  Repair  cost  per  hour. 

2.  Productivity  cost  per  hour. 

3.  Unavailability  (lost  time)  cost  per  hour. 

4.  Capital  decline   (depreciation)   cost  per  hour. 

The  principal  object  of  this  method  i<  to  arrive  at  an  "average  accumlative  >"-t  per 
hour"   for   each    1000-hr   operating   period,    which    COSl    represents    the   total   of    the    loin 
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items  listed  immediately  above,  and  which  is  illustrated  in  the  summary  table  below. 
It  has  been  successfully  determined  that  the  most  economical  time  to  replace  a  machine 
is  at  the  point  of  lowest  "average  accumlative  cost  per  hour."  Thus,  the  machine  for 
which  data  are  shown  in  the  summary  table  should  be  replaced  after  6000  hours. 

To  facilitate  an  understanding  of  the  "metre"  method,  the  various  components 
which  lead  to  the  calculation  of  the  "average  accumulative  cost  per  hour"  are  briefly 
explained   below,  and  tables  which   illustrate  the  use  of  the  essential  data  are  included. 

Repair  Cost  Per  Hour  (Including  Overhaul) 

As  any  machine  gets  older,  its  rep:ir  costs  get  higher.  For  example,  with  a  tractor 
the  engine  probably  needs  only  rings,  liners,  and  a  valve  jcb  on  the  first  overhaul.  On 
the  second  overhaul  possibly  the  crankshaft,  bearings,  and  pistons  will  have  to  be  re- 
placed, in  addition  to  the  items  replaced  during  the  first  overhaul.  By  the  third  over- 
haul, the  radiator  may  have  to  be  replaced.  The  same  pattern  applies  to  the  cable  con- 
trol, the  master  clutch,  and  other  components  that  are  serviced  as  a  group. 

The  repair  ccsts  to  be  inserted  on  the  first  line  of  the  summary  table  would  be 
taken  from  actual  cost  records  or,  if  accurate  records  are  not  available,  a  reasonable 
estimate  could  be  made  from  such  repair  records  as  are  available. 

Productivity  Cost  Per  Hour 

As  a  machine  increases  in  age,  its  comparative  efficiency  decreases,  partly  as  a  result 
of  wear  in  essential  parts  and  partly  due  to  more  modern  and  efficient  machines  avail- 
able on  the  market.  For  example,  the  horsepower  of  tractors  has  increased  approximately 
20  percent  in  the  last  ten  years.  While  increase  in  horsepower  is  not  directly  proportional 
to  an  increase  in  production,  other  improvements  such  as  more  clearance,  hydraulic 
booster  controls,  better  visibility,  and  better  stability  tend  to  make  the  productive 
ability  of  a  tractor  increase  at  approximately  the  same  rate  as  the  horsepower.  There- 
fore, the  old  tractor  shou'd  be  charged  for  the  production  that  is  "lost"  through  its  use. 
The  contracting  firm  which  uses  the  "metre"  method  has  determined  that  the  productiv- 
ity loss  for  a  tractor  is  1  percent  per  each  1000  hours  of  operation  after  2000  hours, 
as  shown  in  Table  A  below.  The  "productivity  factor"  for  any  machine  and  its  "cost 
per  hour"  must  be  calculated,  from  which  it  is  possible  to  determine  the  "productivity 
cost  per  hour." 

Table  A — Productivity 


A 

Operating  Hours 

B 

Productivity 
Factor 

C 

Cost  per  Hour 

(Tractor  and 

Operator) 

D 

Cost  per  Hour 

(Col.B  X 

Col.  C) 

1st   1000 .. 

0.0 

0.0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

9.50 
9.50 
9.50 
9.50 
9.50 
9.50 
9.50 
9.50 
9.50 
9.50 

2nd  1000 

3rd  1000 

0.095 

4th   1000 

0.19 

5th   1000 - 

0.285 

6th  1000 

7th  1000     ___ 

0.38 
0.475 

8th  1000 

0.57 

9th  1000 

0.665 

10th  1000 

0.76 

Unavailability   Cost  Per  Hour   (Lost   Time) 

Unavailability  is  a  measure  of  downtime  compared  with  the  actual  number  of  hours 
the   machine  could  have   worked.  It  should  include  any  delay  for  adjustments,  repairs, 
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greasing,  etc.,  but  should  not  include  major  overhauls.  Even  a  new  machine  is  not  avail 
able  for  100  percent  use  because  of  the  need  for  lubrication,  fueling,  and  minor  adjust 
ments.   The   "availability   factor"  and   "hourly   cost   of   downtime"   must   be   determined 
from  actual  records  or  from  a  close  estimate,  from  which  it  is  possible  to  compute  the 
"unavailability  cost  per  hour",  as  shown  in  Table  B  below: 

Table  B — Unavailability 


.4 

Operating  Hours 

B 

Availability 
Factor 

C 

Hourly  Cost 
of 

Doirntinn 

D 

('list    l>'  1      II inn 

[ColB  X 

Col.  ' 

1st    1000 

2nd  1000                                .        

0.04 
0.04 
0.05 
0.05 
0.08 
0.08 
0.12 
0.12 
0.10 
0.16 

10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

0.40 
0.40 

3rd  1000     . 

0.50 

4th  1000..-                                      

0.50 

5th  1000  .                                           

0.80 

6th  1000 

0.80 

7th  1000..                                         

1.20 

8th   1000 

1 .  20 

9th  1000 

1.60 

10th  1000.                                             

1 .  60 

Capital  Decline  Cost  Per  Hour  (Depreciation) 

As  a  machine  gets  older  it  is  naturally  worth  less  for  trade-in  purposes,  or  it  may 
be  said  that  it  steadily  depreciates  financialy  throughout  its  life,  which  is  referred  to 
herein  as  "capital  decline  cost."  The  heaviest  loss  from  depreciation  occurs  during  the 
firs',  year  and,  for  purposes  of  determining  when  a  machine  should  be  replaced  under 
the  "m;tre"  method,  the  depreciation  charge  per  each  1000  hours  in  service  should  be 
on  a  reducing  balance  method  which  is  predicated  upon  the  assumption  that  the  depre- 
ciation is  not  equal  during  each  year,  but  rather  is  greater  during  the  first  few  years 
To  arrive  at  the  "capital  decline  cost  per  hour"  it  is  necessary  to  know  the  purchase 
price  of  a  machine  and  to  arbitrarily  establish  a  "capital  decline  factor",  otherwise 
known  as  a  depreciation  rate.  The  method  of  computing  the  hourly  cost  for  capital 
decline  is  shown  in  Table  C  below: 


Table    C — Capital    Decline 


A 

B 

C 

D 

K 

p 

Total  Capital 

Total  Capital 

Capital 

Capital 

Drclnti 

at  End 

Dull,,. 

Hun,  - 

Operating    Howt 

Decline 

[Col.  B  X 

hi'  Pi 

per  1000 

1 

Factnr 

Original  Priet ) 

/',  rmii 

lluilrs 

Col.    \ 

1st    1000 

0.20 
0.30 

o.:<5 

6,600.00 
9,000.00 

11  .."..".0.00 

6.  IKK). 00 

3,800  1"' 
1 ,650.00 

,.  60 

2nd  LO00 

6,600.00 

<l  .'.100.  (HI 

8.80 

3rl   1030 

i  .66 

tth  1000 

0,  in 

13,200.00 

11 ,560.00 

I  ,65 

1  .65 

5th   1000 

0.  ti 

1  l    .'.00.00 

18.200.00 

1 ,800.00 

1.80 

nth  urn 

0.48 

15.800. 00 

1 1,600.00 

I ,800.00 

1.80 

7th  1000  .            

0.52 

17. 100.00 

15   SOO.(K) 

1 ,800  00 

l  .80 

8th   1000 

0.6S 

In    J.10.00 

17. 100.00 

1 , 100.00 

I.  in 

9th   1000.. 

0.68 

W.2X.00 

is ,2  :0.00 

1  ,000 

1. 00 

10th  1000.. 

0.61 

20,200.00 

1 '.t.200.00 

1,000.00 

1.00 
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Summary 

The  "total  cost  per  hour"  for  each  1000-hour  period  represents  the  total  of  the  four 
factors  of  repairs,  productivity,  unavailability  and  capital  decline  for  like  periods.  The 
"average  accumulative  cost  per  hour"  for  each  1000-hour  period,  as  shewn  in  Table  D 
below,  is  the  total  for  any  1000-hour  period,  plus  the  totals  for  all  previous  periods, 
divided  by  the  number  of  periods  involved. 

Table  D — Summary 


Repair  costs 

Productivity  cost 

Unavailability  cost 
Capital  decline  cost_ 


Total  cost  per  hour 

Average  accumulative  cost 
per  hour 


1st 

woo 

Hours 

Snd 

WOO 
Hours 

3rd 
1000 

Hour* 

4th 
WOO 
Hours 

oth 
WOO 
Hours 

eth 

1000 
Hours 

7th 
WOO 
Ho  urs 

8th 
1000 
Hours 

Oth 
WOO 

1 In  urs 

1.31 

2.10 

5.50 
0.10 
0.50 
1.6S 

5.46 
C.19 
0.50 
1.65 

1.25 
0.23 

0.80 
1.30 

3.90 
0.38 
0.80 
1.30 

5.25 

0.48 
1.2  J 
1.30 

5.01 
0 .  57 
1.2D 
1.10 

4.98 
0.66 
1.60 
1.00 

0.40 
6.60 

6.40 
3.30 

8.31 

5.80 

7.75 

7.80 

3.03 

6.38 

8.23 

7.88 

8.24 

8.31 

7.06 

7.29 

7.41 

6.66 

6.61 

6.84 

6.97 

7.11 

10th 
WOO 
Hours 


2.75 
0.76 
1.60 
1.00 

6.11 

7.01 


Neither  of  the  above-recommended  procedures  takes  into  consideration  the  matter 
of  sudden  or  extraordinary  obsolescence.  This  type  of  obsolescence  may  occur  when  a 
manufacturer  places  on  the  market  a  new  type  of  machine  which  permits  a  major  in- 
crease in  productivity  and/or  a  major  decrease  in  unit  cost;  it  may  also  occur  when 
there  is  a  drastic  change  in  standard  practices  wherein  an  entirely  different  type  of 
machine  is  needed. 

If  a  machine  suddenly  becomes  obsolete  so  that  its  continued  use  prevents  taking 
advantage  of  major  economeis  that  would  be  possible  through  the  purchase  of  a  more 
modern  machine,  it  should  be  replaced,  regardless  of  its  condition  or  other  factors. 

Conclusions 

Due  to  the  fact  the  most  railroads  do  not  maintain  precise  and  accurate  cost  records 
covering  the  operation,  maintenance,  productivity,  and  unavailability  of  work  equip- 
ment, without  which  any  sort  of  mathematical  replacement  formula  is  impractical,  it  is 
the  opinion  of  your  committee  that  any  such  formu'a  that  it  might  recommend  for 
various  types  of  work  equipment  would  be  meaningless  and  misleading.  It  is  hoped, 
however,  that  the  material  incorporated  in  this  report  will  be  useful  in  bringing  to  the 
attention  of  railroad  officers  the  desirability  of  maintaining  records  in  sufficient  detail 
so  that  it  can  be  determined  when  a  machine  has  beccme  unprofitable.  The  use  of  sealed 
counting  meters  and  the  careful  recording  of  the  readings  when  fuel  is  supplied,  when 
repairs  are  made,  etc.,  on  standardized  forms  from  which  data  could  be  transferred  to 
electronic  computers,  would  enable  many  analyses  to  be  quickly  made  to  aid  manage- 
ment decisions. 

This  report  is  presented  as  information  with  a  recommendation  that  the  subject  be 
discontinued. 
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Report  on  Assignment  4 
Power  Tie  Spacing  Machines 

R.  M.  Johnson  (chairman,  subcommittee),  T.  S.  Bean,  R.  O.  Cassini,  D.  E.  Cowell, 
J.  W.  Cummings,  E.  H.  Fisher,  W.  T.  Hammond,  Haynie  Hornbuckle,  S.  H.  Knight, 
Paul  Martin,  J.  E.  Reynolds,  F.  E.  S.iort,  M.  M.  S.an»bury. 

Th's  is  a  final  report,  submitted  as  information. 

There  are  two  tie  spacing  machines  being  manufactured  and  marketed  at  the  present 
time,  which  are  described  as  follows: 

The  first  (Fig.  1),  is  a  self-propelled,  on-track  unit  powered  by  a  V-type,  4-cyIinder, 
air-cooled  gascline  engine,  havmg  a  rating  of  22.5  hp  at  1800  rpm.  A.l  components, 
with  the  exception  of  the  electrom:gnetic  hcld-dcwn,  are  cperated  hydraulically.  The 
hydraulic  pump  has  a  rated  capacity  of  29.5  gpm  at  1800  rpm,  working  at  800  psi. 
The  travel  speed  of  this  machine  is  25  mph,  and  the  weight  is  7,900  lb.  This  machine 
is  insulated. 

The  spacing  mechanism  consists  of  two  electromagnetic  brakes,  or.e  per  rail,  inter- 
connected by  a  framework  and  a  hydraulic  cylinder,  one  end  of  which  is  attached  to 
the  frame.  The  tie  is  held  for  spacing  by  two  independently  operated  tie  tongi.  One 
arm  of  each  tong  is  guided  against  the  machine  frame  and  when  the  tongs  are  clcsed, 
the  tie  is  held  firmly  against  this  arm.  Applying  the  magnetic  brake  locks  the  brake 
frame  in  place,  so  that  the  hydraulic  spacing  will  move  the  machine  and  the  tie. 

The  advantages  of  this  machine  are  as  follows: 

1.  It  can  be  moved  while  the  arm  is  clamped  to  the  tie  by  releasing  the  electric 
brakes  and  moving  the  machine  ahead. 

2.  It  is  equipped  with  hydraulic  cylinders  to  raise  the  machine  while  lateral  set-off 
wheels  carry  the  machine  off  parallel  to  the  track. 

3.  It  automatically  squares  the  tie  to  the  rail. 


Fig.    1. 
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The   disadvantages  of   this  machine  are  as  follows: 

1.  The  electric  brakes  will  not  hold  the  machine  on  greasy  rails  to  space  ties. 

2.  The  machine  will  not  work  on  full  cribs. 

The  second  machine  (Fig.  2)  is  a  self-propelled,  on-track  unit,  powered  by  a  V- 
type,  4-cylinder,  air-cooled  gasoline  engine,  36  hp  at  2200  rpm,  operating  two  hydraulic 
pumps,  each  having  a  capacity  of  7.5  gpm  at  1720  rpm,  working  at  2000  psi.  The  travel 
speed  of  this  machine  is  25  mph,  and  its  weight  is  4,000  lb.  This  machine  is  insulated. 

The  spacing  mechanism  employs  a  set  of  hydraulic  shifting  devices,  one  on  each 
side  of  the  machine.  The  shifting  devices  are  lowered  independently  over  tie  ends  to  be 
moved.  The  a  samblies  hydraulically  clamp  to  each  rail.  Hydraulic  pressure  is  applied 
to  move  the  tie,  and  all  the  shifting  force  is  taken  through  the  rail  anchorage.  Each 
shifting  device  operates  independently,  so  that  one  tie  end  can  be  moved  forward  while 
pulling  the  other  backward. 

The  advantages  of  this  machine  are  as  follows: 

1.  This  machine  appears  to  have  more  thrust  to  move  tie  and  anchor  on  full  crib. 

2.  The  machine  is  equipped  with  a  360-deg  turntable  which  is  used  for  set-off. 

The  disadvantages  of  this  machine  are  as  follows: 

1.  The  clamping  devices  will  not  work  around  joints  where  rail  head  bond  wires 
are  used,  as  it  will  break  the  bond  wires  off. 


Fig.  2. 
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2.  The  machine  will  not   work  on  flowed  on  curve-worn   rail  without  changing  to 
suitable   inserts. 

3.  It  has  poor  operator  working  visibility  for  spacing. 

4.  Much  is  left  to  the  discretion  of  the  operator  as  to  when  the  tie  is  straight. 


Report  on  Assignment  6 
Field   Repairs  to  Work   Equipment 

C.  R.  Turner  (chairman,  subcommittee),  A.  C.  Danks,  Jr.,  N.  W.  Hutchison,  H.  E. 
Keniston,  M.  E.  Kerns,  W.  F.  Kohl,  JLck  Largent,  W.  M.  Lutts,  P.  G.  Petri,  F.  E. 
Short,  T.  H.  Tay.or,  F.  E.  Yockey. 

Your  ccmmittee  submits  the  following  report  as  information.  The  report  can  be 
considered  a  continuation  or  projection  of  the  following  previous  reports,  "Organiza- 
tion, Machinery  and  Tools  for  Repairing  Maintenance  of  Way  Equipment",  Proceed- 
ings, Vol.  47,  pages  182-192;  and  "Off-ar.d  On-Tr;ck  Equipment  and  Tools  to  Maintain 
Equipment  of   Mechanized   Gang;",  Proceedings,  Vol.   51,  pages  278-282. 

Field  repairs  are  considered  to  be  those  repairs  or  maintenance  replacements  made 
en  line  of  road  or  at  work  sites  as  opposed  to  those  repairs  made  in  shops.  The  extent 
and  nature  of  field  repairs  made  were  found  to  vary  widely  among  the  railroads  repre- 
sented on  the  committee.  Factors  influencing  field  repair  practices  were  found  to  be  pro- 
visions of  labor  contracts,  organization  of  forces  using  the  equipment,  length  of  work 
season,  availability  of  fisM  repairmen,  and  shopping  practices.  The  variation  of  these 
factors  among  railroads  renders  defi:i*e  recommendations  on  field  repair  practices  im- 
practical. The  discussion  and  comments  following  are  intended  to  serve  as  a  guide  in 
handling  field  repairs,  with  modifications  as  necessary  to  fit  the  requirements  of  the 
individual   railroad. 

Types  of  Field  Repairs 

Adjustments,  servicing  and  light,  or  running,  repairs  are  handled  by  the  machine 
operator  assigned  to  the  individual  machine.  The  extent  of  repairs  made  by  the  operator 
will  vary  with  the  complexity  of  the  machine,  availability  of  tools,  demonstrated  ability 
of  the  operator  to  make  repairs,  availability  of  mechanics,  and  availability  of  repair 
parts.  However,  the  operator  will  usually  change  out  belts,  filter  elements,  and  working 
parts  subject  to  rapid  wear.  He  may,  under  certain  conditions,  change  out  components 
such  as  starters  and  generators.  Much  of  the  adjusting,  servicing  and  running  repair 
work  may  be  performed  by  the  operator  while  in  the  clear  for  traffic.  More  complex 
work  should  be  performed,  when  possible,  outside  the  regular  working  hours  of  the 
gang  to  reduce  loss  of  productive  time  of  the  gang. 

Those  field  repairs  and  adjustments  which  the  machine  operator  does  not  or  cannot 
make  are  handled  by  a  mechanic  designated  variously  as  "roadway  mechanic",  "field 
mechanic  or  repairman",  "motorcar  repairman",  etc.  The  extent  of  the  repair  work 
handled  by  the  field  mechanic  varies  with  shopping  practices  of  the  railrcad,  and  the 
tools  and  equipment  available  to  the  field  mechanic.  Generally,  he  will  repair  or  replace 
the  smaller  components  and  assemblies,  replace  parts  in  larger  assemblies,  repair  or 
replace  engines,  perform  welding  repairs,  and  perform  such  other  work  as  is  necessary  to 
keep  assigned  machines  in  operation.  The  field  mechanic  should  perform  his  repair  and 
maintenance  work  in  such  a  manner  as  to  keep  down  time  of  mechanized  forces  to  a 
minimum.  Routine  repair  work  should  be  performed  when  a  machine  is  not  being  used 
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or  outside  of  a  gang's  regular  working  hours.  Repair  of  "breakdowns"  should  commence 
immediately  and  continue   until  completed. 

A  unit  ch;nge-out  of  large  assemblies  in  the  field  is  being  practiced  by  a  number 
of  railroads.  The  degree  of  fie'd  unit  changeout  varies  from  that  of  a  few  common 
models  of  engines  on  several  roads  to  that  of  all  major  assemblies  and  components  on 
one  large  railroad.  The  fie'.d  unit  change-outs  require  that  repaired  spare  assemblies  be 
delivered  to  the  machine  in  the  field,  the  assemblies  be  changed-out,  and  the  assemblies 
removed  frcm  the  machine  be  returned  to  a  shop  for  repair  and  subsequent  use  in 
another  mach'ne.  Charge-cut  of  assemblies  may  be  made  on  breakdown,  as  breakdown 
appears  imminent,  or  on  the  basis  of  hours  of  operation.  Scheduled  change-ou'.s  should 
be  handled  over  week-ends  to  reduce  equipment  down  time.  The  benefits  of  scheduled 
fie'd  unit  change-out  are  stated  to  be  less  down  time  of  equipment  and  greatly  reduced 
need  for  shopping  of  equipment. 

Organization  and  Personnel 

The  organization  that  a  particular  railroad  can  set  up  to  handle  field  repairs  will 
depend  to  a  large  extent  on  the  personnel  available  and  whether  they  may  be  assigned 
to  field  work.  Railroads  in  the  northern  part  of  the  United  States  and  in  Canada  may, 
because  of  their  short  work  season,  ue  mechanics  in  the  field  in  summer  and  in  their 
shops  in  winter.  Railroads  working  the  year  around  or  prevented  by  labor  agreement 
frcm  using  shop  employees  in  the  fhld  must  set  up  full-tim2  fie'd  mechanics.  It  is  desir- 
able for  the  field  mechanics  in  any  event  to  report  to  and  be  responsible  to  the  super- 
visor  of   work   equipment. 

The  ass'gnment  of  field  mechanics  must  depend  on  the  amount,  complexity  and 
condition  of  equipment  in  use.  Generally,  one  or  more  field  mechanics  should  be  assigned 
to  a  certain  territory  and  be  charged  with  the  field  maintenance  of  all  work  equipment 
on  the  territory.  In  addition,  one  or  more  field  mechanics  should  be  assigned  to  each 
large,  highly  mechanized  gang. 

Unit  change-cut  should  be  handled  by  personnel  from  the  shop  where  the  units  are 
repaired,  assisted  by  field  mechanics.  If  permitted  by  labor  agreements  they  should  be 
regular  assigned  shop  employees.  They  may  then  overhaul  the  units,  install  them  in  the 
field,  and  overhaul  the  units  released  fcr  installation  in  another  machine.  This  procedure 
fixes  responsibility  for  any  failure  of  the  units. 

Equipment  and  Tools 

Each  field  mechanic  should  be  furnished  a  truck  equipped  with  a  work  bench, 
racks,  drawers,  and  storage  compartments.  The  truck  body  should  be  arranged  so  that 
'all  tools,  parts,  and  equipment  can  be  secured  against  damage  from  traveling,  frcm 
weather,  and  from  pi'ferage.  An  electric  welding  ou'fit  may  be  body-moun'ed  or  tewed 
on  a  trailer  mounting.  A  110-v  exciter  tap  on  the  welding  generator  or  a  separate  110-v 
generator  should  be  furnished  to  power  electric  tools  and  provide  lighting  for  night 
work.  An  acetylene  cutting  and  welding  outfit  should  also  be  furnished. 

The  field  mechanic  should  furnish  his  own  small  hand  tools.  Large  special  tools 
such  as  large  open-end  and  box-end  wrenches,  heavy  socket  wrench  sets,  pul'ers,  tap 
and  die  sets,  and  welding  accessories  should  be  furnished  by  the  railroad.  Electric  power 
tools,  including  drills,  impact  wrenches,  and  bench  and  portable  grinders,  should  also 
be  furnished  by  the  railroad. 

Unit  change-out  forces  should  be  furnished  a  vehicle  equipped  as  a  mobile  shop 
and  capable  of  carrying  one  or  more  of  the  larger  unit  assemblies.  It  should  be  pro- 
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vided  wilh  an  electric  generator,  a  small  lathe,  a  heist  or  crane  to  handle  the  assemblies, 
and  power  and  special  tools  similar  to  these  of  the  field  mechanic. 

Parts,  Materials  and  Supplies 

Each  field  mechanic  should  carry  on  his  truck  a  stock  of  smTl,  frequently  required 
:mall  parts;  a  stock  of  we'ding  rod;  an  assortment  of  nuts,  bolts  and  metal  screws; 
and  other  miscellaneous  items  that  experience  proves  to  be  reces-ary.  Thcs;  items  may 
be  periodically  replenished  from  shop  or  storeroom  stocks.  Parts  books  covering  each 
item  of  equipment  on  the  territory  should  be  on  his  truck.  Each  fie'd  mechanic  should 
be  thoroughly  instructed  in  procedures  to  be  followed  to  obtain  expedited  delivery  of 
needed   parts   from   the   shop,   storercom   or   manufacturer. 

Local  purchases  of  parts,  materials,  and  services  by  the  fn'd  mechanic  shou'd  be 
permitted  and,  in  fact,  encouraged.  Many  work  equipment  components  are  used  in  auto- 
motive, farm,  or  construction  equipment  and  ?re  avai'able  at  mary  locations.  Parts  and 
components  are  often  available  en  an  exchange  basis  at  reduced  ccsts.  Machine  shop, 
engine  overhaul  and  other  services  available  local'y  can  be  u'ilized  to  reduce  d wn  time 
of  machines.  Local  purchases  will  result  in  reduction  of  down  time  and  less  inventory 
of   eng'ne  and  e'ectrical  accessory   parts. 

The  unit  change-out  vehicle  should  be  stocked  with  seals,  gaske's,  o-rings,  n ■•ts. 
bolt=,  e'e,  expected  to  be  recuired  in  mrk:ng  the  change-out.  This  stcck  may  be  replen- 
ished at   the  shop  between  trips  into   the   field. 

Reports  and  Records 

Reports  on  field  repairs  should  conform  c'osely  to  those  made  in  the  shop.  At  the 
mirinvim  they  should  permit  d'stribution  of  charge  to  the  proper  accovn's.  The  indi- 
vidual rai'road  my  desire  to  keep  records  en  the  repair  costs  of  each  machine,  inc'uding 
field  repair  costs.  Th"s  would  require  more  elaborate  reporting  procedures. 

The  scheduVng  of  unit  charge-outs  are  dependent  on  adequate  records  of  hour 
meter  read:nis  of  machines  at  the  last  change-out.  A  report  of  the  units  changed-out, 
machine  number,  and  hour  meter  readings  must  be  made  and  preserved. 


Report  on  Assignment  7 

Methods  of  Scheduling  Work  Equipment  Through  Shops 

for  Repairs 

H.  C.  Pottsmith  (chairman,  subcommittee).  R.  M.  Ba'H  ck,  J,  W.  Cu-nminis,  E.  H. 
Fisher.  Havnie  HornbucUle.  S.  H.  Kniiht.  A.  W.  Mun».  H.  C.  Nordstrom,  P.  G. 
Petri,  F.  A.  Schneider,  M.  C.  Taylor,  H.  A.  Thyng,  L.  B.  Waterman. 

Your  ccmnv'ttee  submits  the  follow.'ng   report  as  information. 

The  present  hiuh  degree  of  mechrnization  in  the  rafwaj  maintenance  ■  i  B  y  dep?rt- 
ments  is  a  relatively  recent  development.  The  reason  for  this  rapid  gri  wtb  in  the 
equi-ment  fleet  is  obvious,  and  the  saving  resulting  from  it-  use  is  covered  in  other 
reports. 

Much  of  the  equipment  used  and  maintained  by  railroads,  such  as  locomotive  and 
cr-wler  cranes  .and  crawler  tractors.  i-  of  the  besl  construction  for  long  life  and  d~es 
not  require  heavy  shopping  annuallv.  Most  roadway  machine.-,  however,  do  nol  have 
this  quality  of  construction  and  will  require  varying  degrees  of  repairs  .it  the  end  <>i 
each  season's  work 
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Since  most  of  this  equipment  has  been  in  service  a  relatively  short  time,  a  clear-cut 
pattern  has  not  been  established  on  most  roads  as  to  scheduling  equipment  through  the 
shops.  There  are  a  number  of  factors  affecting  such  scheduling: 

1.  Shop  Faci'.ities  Available.  This  varies  among  individual  roads,  some  having  one 
or  more  central  shops,  well  equipped  and  staffed,  to  handle  a'l  heavy  repairs  for  the 
system;   others  not  hiving  any  central  shop,  all  repairs  being  handled  on  the  division. 

2.  Length  of  Work  Season.  This  is  influenced  by  the  geographic  location  of  the 
roadbed  and  funds  available  for  equ'pment  use.  The  northern  roads  have  a  relatively 
short  work  sea:on,  and  normally  much  of  the  equipment  is  available  for  repairs  during 
the  winter  months.  While  this  does  give  opportunity  to  make  needed  repairs,  it  obviously 
is  difficult  to  utilize  a  stable  force  efficiently. 

3.  Extent  of  Repairs  Made  in  the  Field  by  Operators  and  Field  Mechanics.  The 
handling  of  "Field  Repairs  to  Work  Equipment"  is  covered  in  the  report  on  Assignment 
6.  Some  roads  are  well  equipped  to  handle  repairs  in  this  manner. 

4.  Union  Craft  Agreements,  which  vary  among  individual  roads. 

5.  Age  and  Design  of  Equipment.  It  is  felt  by  some  shop  supervisors  that  best  shop 
production  can  be  accomplished  by  shopping  a  number  of  machines  of  the  same  type 
at  one  time. 

6.  A  Proper  Shop  Schedule  wou'd,  of  course,  provide  for  seasonal  needs  for  each 
type  equipment.  A  typical  road,  fcr  example,  may  wish  to  start  certain  roadbed  bal- 
lasting operations  as  soon  as  the  frcst  has  left  the  ground,  while  weed  burners  and 
weed  mowers  would  be  needed  at  a  later  date.  Thus,  the  first  need  for  scheduling  equip- 
ment for  repairs  is  to  know  the  equipment  needs  for  the  coming  season's  work  as  soon 
as  a  program  is  approved. 

In  general,  the  equipment  is  inspected  in  the  field  under  operating  conditions  by 
either  field  mechinics  or  supervisors  accompanied  by  the  operator.  A  work  report  is 
made  out  and  farwarded  to  the  shop  point  or  accompanies  the  machine  to  the  shop. 
It  is  felt  that  this  work  report  is  valuab'e  in  helping  shop  supervisors  carry  cut  the 
shopping  schedule  and  placing  requisitions  in  advance  for  repair  parts. 

Inspection  may  d's:lose  that  shopping  is  not  necessary  and  repairs  can  be  handled 
in  the  field.  These  field  repairs  may  be  of  a  light  nature,  or  the  replacement  of  some 
assemblies  which  have  been  repaired  at  the  main  shop  point.  At  least  one  large  road 
makes  extensive  use  of  this  method. 

The  cost  of  loading,  blocking  and  shipping  to  the  repair  point,  and  again  rehandling 
to  the  work  site  after  the  repairs  have  been  completed  is  substantial  and  must  be  kept 
in  mind  when  determining  whether  to  shep  the  equipment  or  make  field  repairs. 

In  general,  shop  repairs  to  work  equipment  can  be  divided  into  four  categories: 

1.  Machines  that  require  seasonal  overhaul  or  major  repairs. 

2.  Machines  that  are  in  need  of  complete  overhaul  at  regular  intervals  based  upon 
service  in   which   used  and/or  hours  of  operation   basis. 

3.  Machines  that  require  medium  shop  repairs  at  regular  intervals. 

4.  Machines  that  require  overhaul  due  to  unforseen  circumstances  such  as  undue 
wear,   abuse,   accidental  damage,   or   failed   parts. 

The  first  three  can  be  schedu'ed  or  programmed  for  shop  repairs.  The  fourth  must 
be  taken  care  of  as  promptly  as  practical  along  with  the  programmed  work. 

Therefore,  the  shep  force  must  be  so  arranged  that  the  part  of  the  force  assigned 
to  scheduled  or  programmed  work  will  remain  upen  this  work  and  not  be  taken  off 
the  scheduled  work  to  take  care  of  the  unforseen  work. 
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To  the  American   Railway  Engineering  Association : 
Your  committee  reports  en  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report,  submitted  for  adoption    page  482 

2.  Analysis  of  operations  of  railways  that  have  substantially  reduced  the  cost 
of  labor  required  in  maintenance  of  way  work. 

Progress  report,  submitted  for  adoption    page  483 

3.  Labor  economies  resulting  from  mechanization  and  stabilization  of  track 
maintenance  forces;  requirements  for  completely  training  and  equipping, 
and  programming  and  scheduling  work  of  the  mechanized  track  maintenance 

force. 

Final  report,   presented   as   information    p  Ige  489 

4.  Labor  economies  to  be  derived  from  the  use  ol  modern  equipment,  optimum 
treating  programs,  and  the  most  efficient  chemicals  for  control  of  vegetation. 

Final   report,  presented  as  information    page  4«1 

5.  Labor  economies  to  be  effected  through  the  use  of  power  tools  and  median 
ized  equipment   by  bridge  and  building  gangs 

Progress  report,  presented  as  information    page  404 

481 
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6.  Relative  economies  to  be  derived  from  the  use  of  tie  pads  in  various  loca- 
tions and  under  varying  circumstances. 

Final  report,  presented  as  information    page  4% 

7.  Labor  economies  in  track  maintenance  to  be  derived  through  the  use  of 
combination  on-cff  track  equipment  vs.  on-track  equipment  only. 

A  questionnaire  has  been  sent  out  and  information  is  being  assembled.  A 
report  will  be  made  on  this  assignment  next  year. 

8.  Labor  economies  to  be  derived  from  the  welding,  distributing,  laying  and 
maintenance  of  continuous  welded  rail,  collaborating  with  the  Special  Com- 
mittee on  Continuous  Welded  Rail. 

Questionnaires  were  sent  out  and  replies  have  been  received  from  24  roads. 
When  sufficient  replies  have  been  received  and  after  conferring  with  repre- 
sentatives of  the  Special  Committee  on  Continuous  Welded  Rail,  a  progress 
report  will  be  submitted. 

9.  Labor  economies  to  be  derived  through  use  of  newly  developed  track  lining 
and  track  surfacing  aids  and  equipment  compared  to  former  methods  of 
lining  and  surfacing. 

Final  report,  presented  as  information    page  497 

The  Committee  on  Economics  of  Railway  Labor, 

L.  A.  Logglns,  Chairman. 


AREA  Bulletin  S61,  December  1960. 

Report  on  Assignment  1 
Revision  of  Manual 

W.  W.  Hay  (chairman,  subcommittee),  M.  B.  Allen,  J.  F.  Beaver,  E.  J.  Brown,  M.  H. 
Dick,  J.  E.  Eisemann,  J.  L.  Fergus,  L.  C.  Gilbert,  K.  H.  Hanger,  N.  M.  Kelly,  H.  E. 
Kirby,  L.  A.  Loggins,  G.  M.  ORourke,  D.  E.  Rudisill,  G.  M.  Strawhun,  H.  M. 
Williamson. 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  Chapter  22  of  the  Manual. 

Pages  22-1-4  to  22-1-7,  incl. 

OUTFIT  CARS  FOR  HOUSING 

Reapprove  with  the  following  revisions: 

Page  22-1-4:  Revise  the  first  sentence  of  the  text  to  read:  "The  following  sug- 
gestions are  presented  as  a  guide  for  the  design  and  operation  of  outfit  cars  and  trailers." 

Under  Sec.  A.  DESIGN,  add  a  new  item  IS  reading:  "Trailers  used  for  outfit 
housing  should  conform  to  the  foregoing  recommendations  insofar  as  they  apply." 

Under  Sec.  B.  OPERATION,  item  1,  insert  the  words  "and  trailers"  after  "outfit 
cars"  so  that  the  first  sentence  will  read:  1.  Outfit  c:rs  and  trailers  should  be  kept  in  a 
clean  and  sanitary  condition,  in  accordance  with  recommendations  of  Committee  13 — 
Water,   Oil,   and   Sanitation   Services." 
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Page   22-1-5:    In   item   2,   insert   "and   trailers"  after   the   words   "outfit    car-"   and 
insert  the  words  "local  requirements  and  for"  between  "for"  and  "the"  which  precede: 
"safety".  The  revised  version  will  read:    "2.  Outfit  cars  and   trailers  should   be   located 
with  regard  for  local  requirements  and  for  the  safety,  comfort,  and  convenience  <>t  OCCU 
pants." 

Sec.  C.  PLANS:   Delete  all  of  this  section,  including  the  plans  on  pages  22-1-6  and 
22-1-7. 

Fage  22-2-4 

EQUATED   VALUES   FOR   LABOR   DISTRIBUTION 

Reapprove  without  change. 


Report  on  Assignment  2 

Analysis  of  Operations  of  Railways  That  Have  Substantially 

Reduced  the  Cost  of  Labor  Required  in  Maintenance 

of  Way  Work 

R.  G.  .Simmons  (chairman,  subcommittee),  E.  J.  Brown,  W.  E.  Chapman,  B.  S.  Con- 
verse, S.  A.  Cooper,  S.  B.  Culliford,  L.  E.  Donovan,  H.  J.  Fast,  R.  R.  Gunderson, 
K.  H.  Hanger,  G.  L.  Harris,  W.  W.  Hav,  K.  E.  Henderson,  Claude  Johnston,  R.  H. 
Jordan,  H.  W.  Kellogg,  H.%.  Kirby,  H.  C.  Minteer,  G.  M.  O'Rourke,  R.  W.  Prcisen- 
defer,  Griffith  Ray,  N.  E.  Smith,  J.  S.  Snvder,  A.  H.  Slimson,  W.  B.  Throckmorton, 
G.  E.  Warfel,  H.  J.  Weccheider,  N.  H.  Williams,  H.  E.  Wilson. 

This  report  is  submitted  as  information. 

Your  commitlee  is  presenting  the  nineteenth  report  of  a  series  on  this  subject, 
which  has  been  reassigned  annually  since  1935.  The  current  study  covers  a  fully  mechan- 
ized surfacing  operation  on  the  Canadian  Pacific  Railway  and  the  construction  of  the 
Montreal  Yard  on  the  Canadian  National  Railways, 

The  data  for  the  study  were  obtained  by  the  committee  during  an  inspection  in 
July    1960. 

TRACK   SURFACING   OPERATION    ON    THE    CANADIAN    PACIFIC 

At  the  time  of  the  committee's  inspection,  the  Canadian  Pacific  Railway  had  set  up 
a  program  to  surface  240  miles  of  rock-ballasted  track  on  the  Adirondack,  Sherbrooke, 
and  Megantic  subdivisions  and  a  portion  of  the  Newport  subdivision  during  1060. 

To  carry  out  this  work  two  small  surfacing  gangs,  each  comprising  one  extra  gang 
foreman,  five  extra  «anu  men,  three  machine  operators  and  one  helper  were  used.  The 
midlines  used  in  each  gang  were  one  power  tamping  jack,  one  surface  line  indicator, 
one  midget  surfacer,  one  power  tamper,  one  hydraulic  track  liner  and  one  line  wire 
indicator.  In  addition  to  the  above  machines,  one  ballast  maintenance  machine  was 
operated  ahead  to  throw  up  rock  for  the  power  tamper-  and  to  trim  the  rock  shoulder 
after  the  surfacing  was  completed;  this  machine  requires  one  operator  and  one  helper 

The  operation  in  pectcd  by  the  committee  wta  on  the  Atlantic  region  near  St  .1-  hn, 
approximately  40  miles  from  Montreal.  The  track  was  being  raised  a  maximum  oi  1  in 
and  sags  were  being  pulled  up  to  grade. 


4S4 
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Tamping  jack,  with  raising  wires. 


Production  tamper. 


Track  liner,  with  lining  wire. 


During  1961,  another  240  miles  will  be  surfaced,  using  the  same  gangs  and  machin- 
ery that  were  used  during  1960.  This  480  miles  will  then  be  surfaced  on  a  two-year 
cycle.  The  year  in  which  no  surfacing  is  carried  out,  section  forces,  reduced  to  a  winter 
force  basis,  will  pick  up  rough  spots  only. 

The  track  being  surfaced  during  the  committee  inspection  consists  of  100-lb  rail, 
4-hole  24-in  joint  bars,  tapered  nuts  with  no  nutlocks,  7-in  by  9-in  by  18-ft  ties  on 
10  in  of  limestone  ballast. 

As  mentioned  above,  the  ballast  maintenance  machine  operated  ahead  to  throw  up 
rock  ballast   from   the  shoulders  to  provide  rock  for  the  tampers.  The  power  tamping 
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jack,  using  the  wire  surfacing  device,  lifted  the  track  at  joints  and  centers  to  the  de- 
sired height  and  tamped  enough  ties  to  hold  the  track.  Two  laborers  were  required  at 
the  tamping  jack  to  nip  up  ties,  particularly  joint  ties,  and  to  adjust  lifting  height  when 
over-raising  occurred.  The  midget  surfacer,  which  is  equipped  with  a  pointer  and  a  wire 
device  on  each  rail,  was  operated  by  two  extra  gang  laborers  to  pick  up  any  irregularities 
in  the  track  between  the  power  tamping  jack  and  the  production  tamper.  These  men 
used  two  lightweight  track  jacks  for  this  work  and  a  combination  jacking  and  tamping 
bar  to  tamp  ties.  The  production  tamper,  operated  by  an  operator  and  helper,  tamped 
all  ties.  One  insertion  was  made  except  at  joints  where  two  insertions  were  used.  The 
tamper  can  be  operated  manually  or  automatically,  and  the  automatic  feature  was  used 
for  the  major  part  of  the  tamping.  Behind  the  tamper  a  track  liner  was  operated,  using 
a  wire  lining  device.  The  operator  of  this  machine  lined  all  track,  but  was  provided 
with  one  man  to  figure  curves  when  in  curved  territory. 

Conclusion 

The  Canadian  Pacific  Railway  has  undertaken  extensive  study  of  their  track  main- 
tenance program  in  rock-ballast  territory,  striving  for  greater  economies.  It  is  the  opinion 
of  the  ccmmittee  that  the  road  has  substantially  reduced  the  cost  of  maintaining  track 
to   good  grade   and   line. 

CONSTRUCTION    OF    CANADIAN    NATIONAL    MONTREAL    YARD 

The  current  study  of  this  yard  by  the  committee  included  an  inspection  trip 
through  the  entire  yard  and  facilities. 

There  are  nine  subdivisions  of  the  Canadian  National  Railways  entering  Montreal ; 
therefore,  traffic  can  be  received  from  and  dispatched  in  nine  different  directions.  Under 
present  operating  conditions  in  the  old  yards,  consisting  of  two  major  yards  plus  several 
small  yards,  the  road  is  short  in  capacity  and  the  operation  is  too  expensive.  With  the 
completion  of  the  modern  hump  yard,  the  subsidiary  yards  will  be  closed  except  for 
industrial  support  purposes,  and  all  traffic  will  be  funneled  through  the  new  yard.  Under 
existing  traffic  conditions,  the  new  yard  will  receive  approximately  80  trains  and  trans- 
fers and  dispatch  a  like  number,  every  24  hr.  In  peak  periods  this  will  increase  to  100 
trains  and  transfers  every   24  hr. 

In  1951  a  terminal  design  team  was  organized  at  system  headquarters  on  which 
the  various  elements  of  sound  terminal  planning  were  represented  by  men  of  appropriate 
background — operations,  engineering  and  economic.  This  group,  headed  by  the  opera- 
tions representative,  now  the  system  supervisor  of  terminal  operation,  is  represented  by 
equivalent  teams  that  are  part  of  the  various  regional  organizations  within  the  Canadian 
National  Railway  system. 

A  system-wide  traffic  flow  study  was  first  made,  in  which  over  one  million  cars 
were  traced  from  origin  to  destination  during  three  1-month  representative  seasonal 
periods.  Based  on  this  study,  a  series  of  key  hump  and  flat  switching  yards  were  pin- 
pointed for  development.  The  flat  yards  are  now  approaching  completion,  and  the  hump 
yards  at  Moncton,  Toronto,  Montreal  and  Winnipeg,  are  under  was 

In  each  case,  further  detailed  traffic,  train  and  car  density  and  operating  studies 
were  made  to  supplement  the  orginal  traffic  flow  analysis.  On  this  basis,  function.il  as 
s:gnments  and  yard  track  requirements  were  established  as  a  basis  for  design  Preliminarj 
mister  plans  were  prepared  and  tested  by  means  of  "dry-runs"  made  on  CTC  control 
machine  graph  paper.  Actual  train  and  transfer  movements  as  they  would  have  been 
on  the  days  chosen  for  test  purposes,  had  the  yard  under  study  instead  of  the  existing 
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physical  plant  been  in  operation,  were  routed  into,  through,  and  out  of  the  paper  model. 
By  this  means,  potential  bottlenecks  were  found  and  corrected,  excess  trackage  was 
eliminated,  and  estimates  of  improvement  in  service  and  operating  costs  facilitated.  The 
"dry-run"  technique  was  originally  conceived  for  testing  the  Montreal  hump  yard,  and 
final  layout  of  this  yard  is  the  result  of  a  series  of  these  studies. 

The  design  of  Montreal  yard  includes  a  receiving  yard,  two  departure  yards,  three 
classification  yards — two  for  main  line  and  one  for  local  traffic — a  diesel  maintenance 
shop,  a  car  repair  yard,  a  car  cleaning  yard,  a  hold  yard  for  custcms  inspection,  a  main- 
tenance of  way  yard,  and  a  storage  yard,  as  well  as  icing  facilities,  caboose  yards,  etc. 

The  design  is  unique  in  that  it  consists  of  two  humps,  side  by  side,  wilh  a  third 
hump  beyond  the  main  hump  for  the  remarshalling  of  local  and  wayfreight  cars.  Thus, 
it  contains  122  hump  classification  tracks  and  over  160  miles  of  track  which,  along 
with  all  other  facilities,  makes  it  one  of  the  largest  hump  classification  yards  on  the 
continent. 

Its  design  resulted  from  extensive  theoretical  humping  tests  using  full  days'  actual 
business  plotted  on  CTC  paper,  and  adjusted  for  the  actual  location  of  the  yard.  If 
was  found  that  peak  arrivals  reached  200  cars  per  hour  and  sometimes  as  high  as  280 
cars  per  hour,  and  with  future  traffic  increases  adding  to  these  peaks,  the  operation  of  a 
single  hump  was  impractical,  since  the  humping  capacity  of  a  single  hump  is  limited  to 
about  3000  cars  per  day.  For  this  reason,  it  was  necessary  to  resort  to  a  double  hump 
arrangement. 

Further,  the  study  indicated  that  the  limited  number  of  local  yard  tracks  that  could 
be  provided  with  a  double  hump  arrangement  was  insufficient  to  meet  the  classification 
requirements,  and  did  not  permit  local  traffic  to  be,  switched  currently.  To  overcome 
this  difficulty,  it  was  necessary  to  incorporate  a  third  hump  to  accommodate  the  local 
traffic.  The  local  hump  also  had  the  special  advantage  of  being  able  to  accommodate 
several  hundred  cars  received  per  day  from  the  leaning  yard,  which  would  normally 
have  to  be  humped  into  the  main  classification  yard. 

Because  of  the  land  area  available,  it  was  necessary  to  -design  the  yard  with  this 
dual  hump  arrangement,  and  with  the  receiving,  classification,  and  departure  yards  along- 
side and  parallel  to  each  other.  However,  this  dual  hump  design  has  advantages  which 
fit  in  with   the   Montreal   pattern.  They  arc: 

1.  During  periods  when  reduced  handling  of  industrial  traffic  occurs,  the  entire 
yard  can  be  switched  from  either  of  the  dual  hump  tracks,  over  the  entire 
classification  yard. 

2.  There  is  a  reduction  in  the  time  required  to  cross  over  15  percent  of  traffic 
humped  from  one  side  to  the  other  of  the  classification  yard,  due  to  the  multi- 
directional traffic  pattern  in  Montreal.  The  addition  of  the  third  hump  for 
local   traffic   reduced   this  percentaga  to  neg'igib'e  proportions. 

.\.  There  is  a  reduction  in  the  number  of  duplicate  classifications  that  the  opera- 
tion of  two  single  humps  would  involve.^ 

The  yard  has  been  designed  with  provision  for  expansion  to  handle  all  traffic 
increases. 

Construction  Features 

For  the  construction  of  Montreal  yard,  the  railway  track  gangs  were  completely 
mechanized.  Gravel  ballast  was  removed  from  rail  cars  by  side-dump,  front-end  loaders 
and  then  spread  by  on-track  spreaders  and  bulldozers.  Rock  ballast  was  dumped  from 
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ballast  cars.  Ties  were  delivered  in  bundles  and  trucked  to  the  site.  On-track  cranes 
unloaded  rails  which  were  placed  in  proper  grade  and  alinement  with  the  aid  of  power 
track  liners  and  jack  tampers.  The  miscellaneous  work  of  roadway  construction,  ditching 
and  trenching  was  accomplished  with  graders  and  shovels.  The  two-year  rail  laying 
program  within  Montreal  yard  saw  the  installation  of  some  160  miles  of  track. 

Standardization  of  Track  Material 

The  rejection  of  materials  to  be  used  in  Montreal  yard  was  made  with  a  view  to 
saving  future  m  intenance  cost  through  standardizing  the  materials  as  much  as  pcssib'.e. 
Since  the  various  tracks  and  yards  within  Montreal  yard  all  have  their  own  operating 
function  and  traffic  density,  efforts  were  made  to  have  the  track  materials  suit  the  ulti- 
mate function  of  each  yard.  For  example,  132-lb  rail  was  laid  en  the  dual  and  local 
hump  tracks  from  crest  to  clearance.  This  should  reduce  the  rail  renewal  cycle  to  a 
minimum  in  an  area  of  greatest  traffic  concentration  where  a  change-out  of  rail  could 
cause  sericus  delays.  Jointed  rail  of  130-lb  section  was  laid  in  all  entrance  and  exit 
tracks  as  well  as  in  major  switching  leads.  All  classification  tracks  are  laid  with  130-lb 
rail  welded  into  500-ft  lengths.  The  receiving  and  departure  yards  are  laid  with  100-lb 
rail,  and  stor.ge,  cleaning  and  repair  yards  are  laid  with  80-lb  rail. 

Switches  were  standardized  to  No.  8  and  No.  10  turnouts  and  No.  6-8-10  lap 
switches.  All  power-operated  switches  in  the  entrances,  exits  and  classification  yards  are 
made  of  132-lb  rail  whi'e  the  remaining  switches  are  made  of  100-lb  rail. 

Xew  ties  were  installed  under  all  130-  and  132-lb  rail;  secondhand  ties  were  used 
in  the  less  important  areas.  The  ties  in  the  hump  area  from  crest  to  clearance  are  all 
protected   by   tie   pads. 

Longer  life  for  track  material  is  further  insured  with  the  use  of  rail  anchors  on 
the  entrances  and  exits  as  well  as  in  the  c'asnfication  yards.  Rail  lubricators  installed  at 
strategic  points  throughout  the  yard  facilitate  movement  cf  cars  and  protect  both  rail 
and  flanges  from  excessive  wear. 

Roadbed  Features 

In  grading  Montreal  yard  and  its  entrances,  the  roadbed  shoulders  in  cuts  were 
made  considerably  wider  than  standard  to  aid  in  snow  removal.  The  embinkments,  es- 
pecial'}- in  the  hump  areas,  were  also  mada  wider  than  standard  to  maintain  a  working 
and   walking  sp:ce.  The  slopes  at  the  hump  fills  are  to  be  seeded. 

A  comprehensive  drainage  system  has  been  installed  in  Montreal  yard.  Perforated 
p'pe  to  drain  the  subgr  de  area  has  been  installed  in  all  of  the  major  yards.  Catch  basins 
have  been  placed  in  the  perforated  pipe  lines  at  frequent  intervals  to  allow  easy  acces- 
s'bility  for  clean'ng  of  the  pipe.  This  drainage  system,  wi  h  it-  pipes  ranging  tn  size 
from  12  in  diameter  to  84  in  diameter,  has  since  its  installation  effective'y  controlled 
the  spring  run-off  of  water  and  prevented  flooding.  The  ballast  section  for  all  tracks  in 
the  yard  consists  of  1  ft  of  gravel  sub-base  covered  with  l  ft  of  crushed-rock  ballast 
f  r  greater  track  stability.  This  thickness  of  ballast  should  dissipate  impact  loads  suffi- 
ciently to  preclude  disturbance  of  subgrada. 

Buildings  and  Facilities 

The  greatest  activity  in  Montreal  yard  will   take  place  in   the  hump  areas;   conse- 
quently, special  care  was  taken  to  prevent  any  possible  breakdown  ■  t  equipment  at  the 
humps.  S'nce  both  the  dual  and  local  hump-  are  constructed  on  till-,  the  retarders,  n    l> - 
and  measuring  sections  have  all  been  placed  on  concrete  foundations    The  master  re 
tardcr  and  scale   foundations  located  nn   the  deepest    till-  are  supported   by  piles 
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The  yard  lighting  system  was  designed  and  constructed  to  allow  for  flexibility  of 
operation  as  well  as  capacity  for  future  expansion. 

The  power  main  is  a  ring  circuit  with  crossovers  and  sectionalizing  switches,  allow- 
ing feed  from  two  incoming  lines  so  that  the  12  individual  and  independent  sections  of 
yard  lighting  can  be  fed  from  either  of  two  directions.  Very  little  shutdown  time  is 
anticipated  if  there  is  a  failure  in  one  of  the  sections.  It  is  anticipated  that  the  lamps 
themselves  will  only  have  to  be  replaced  once  every  two  years.  The  ring  main  is  so  de- 
signed that  should  new  buildings  be  required  in  the  yards,  extra  load  can  be  obtained 
from  the  main  with  minimum  expense. 

It  is  anticipated  that  the  buildings  in  Montreal  yard  will  require  little  or  no  main- 
tenance because  of  their  structural  and  architectural  features  as  well  as  the  quality  of 
materials  used  in  their  construction.  All  major  buildings  in  the  yard  are  constructed 
of  reinforced  concrete  and  structural  steel  with  brick  and  precast  concrete  facing  for 
exterior  finish.  Aluminum  window  and  door  frames  were  used  throughout  and  thermo- 
pane  windows  were  installed  in  all  yardmasters'  and  retarder  operators'  rooms.  Acoustic 
tile  ceilings,  tile  floors,  aluminum  cable  shafts,  convector  radiators  and  wall  fin  ccnvectors 
are  some  of  the  outstanding  features  of  the  many  towers  and  offices.  The  car  repair 
building  wi*l  be  heated  by  a  gas-fired  infra-red  radiant  heating  system  which  concen- 
trates  the   heat   in   the  lower   10  ft   of   the   building. 

Snow  Removal 

Snow  fighting  is  an  annual  problem  to  be  faced  in  Montreal  yard.  Power  switches 
will  be  kept  clear  of  snow  with  automatically  controlled  banks  of  switch  heaters.  Two 
tracks  have  been  constructed  and  set  aside  for  the  specific  purpose  of  dumping  snow. 
Snow-fighting  equipment  will  be  both  on-track  and  off-track.  The  snow  will  be  spread 
on  the  various  tracks  and  loaded  into  dump  cars  to  be  dumped  in  the  areas  set  aside 
for  siow.  In  some  instances,  cranes  equipped  with  snow  blowers  will  be  able  to  blow 
snow  from  the  tracks  and  many  of  the  leads  to  open  areas  in  the  yard,  eliminating  the 
necessity  for  spreading  tracks.  Ballast  regulators  with  V-blades  will  plow  snow  to  the 
side  of  the  track  and  will  be  followed  up  by  track  broom  which  will  sweep  the  leads 
and  clean  the  snow  down  to  the  top  of  the  ties. 

Conclusion 

The  Canadan  National  Rai'ways  through  extensive  research  has  made  good  prog- 
ress in  the  construction  of  their  new  Montreal  yard.  The  programing  in  detail  well 
ahead  has  greatly  reduced  the  cost  of  construction. 

By   standardization   of   materials,   future  economies  will   be  realized. 

The  use  of  welded  rail  in  the  body  tracks  will  result  in  economies  over  jointed  track. 

The  construction  of  the  entire  project  has  been  carried  out  with  the  plan  in  mind  of 
making  every  feature  as  near  permanent  as  possible,  so  maintenance  should  be  reduced 
to  the  minimum. 

It  :'s  the  opinion  of  the  committee  that  the  Canadian  National  Railways  have  built 
a  facility  that  will  show  many  economies. 
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Report  on  Assignment  3 

Labor  Economies  Resulting  from  Mechanization  and  Stabilization 
of    Track    Maintenance    Forces ;    Requirements    for    Com- 
pletely Training  and  Equipping,  and  Programming 
and  Scheduling  the  Work  of,  the  Mechanized 
Track  Maintenance  Force 

W.  M.  S.  Dunn  (chairman,  subcommittee),  J.  L.  Cann,  R.  H.  Carpenter,  J.  A.  Cay  wood, 
A.  B.  Chaney,  S.  A.  Cooper,  P.  A.  Cosgrove,  S.  B.  Culliford,  M.  H.  Dick,  R.  R. 
Gunderson,  G.  L.  Harris,  W.  W.  Hav,  K.  E.  Henderson,  Claude  Johnston,  R.  H. 
Jordan,  T.  L.  Kanan,  H.  W.  Kellogg,  J.  M.  Lowry,  T.  D.  Mason,  R.  L.  Mavs, 
C.  T.  Popma,  R.  W.  Preisendefer,  Griffith  Rav,  M.  S.  Reid,  D.  E.  Rudisill,  H.  W. 
Seelev,  E.  J.  Sierleja,  J.  S.  Snyder,  John  Stang,  J.  T.  Sullivan,  C.  E.  Warfel, 
N.  H.  Williams,  H.  M.  Williamson,  H.  E.  Wilson,  F.  R.  Woolford,  D.  H.  Yazell. 

Your  cemmittee  submits  this  final  report  as  information. 

Pursuant  to  its  assignment,  your  committee  addressed  a  questionnaire  to  the  officers 
of  62  railways  of  the  United  States  and  Canada.  While  the  response  could  have  been 
more  complete,  it  was  gratifying  to  have  received  replies  from  about  50  percent.  These 
are   believed  to   be  sufficient   to   provide  a   representative  cross  section. 

The  adoption  of  the  40-hr  week  in  September  1949  resulted  in  an  increase  in  cost 
of  productive  man-hours.  After  the  conclusion  of  World  War  II  it  became  evident  that 
it  would  be  necessary  to  develop  more  economical  methods  and  means  of  performing 
long-term*  maintenance  work  due  to  constantly  rising  wage  scales  and  material  costs. 
On  one  large  eastern  railroad  the  average  hourly  rate  for  track  and  roadway  employes 
increased  233.5  percent  in  the  15-year  period  from  September  1945  to  September  1060. 
Using  100  as  a  base  figure  for  the  years  1947-1949,  the  cost  of  materials,  excluding  fuel, 
increased  to  an  index  value  of  160.4.  This  drastic  rise  in  the  cost  of  labor  and  material 
is  presenting  an  ever  increasing  challenge  to  the  railroad  maintenance  engineer  and  will 
continue  to  do  so  in  future  years,  making  it  imperative  that  full  advantage  be  taken  of 
mechanization  and  stabilization  of  work  forces. 

The  trend  towards  reorganization  of  track  and  roadway  forces,  designed  to  effect 
the  economies  foreseen  as  vital  in  the  years  following  the  war,  began  spasmodically.  In 
1946  one  large  railroad  in  the  southwest  pioneered  the  idea  of  district  gang  maintenance. 
Since  that  time  many  of  the  railroads  in  the  United  States  and  Canada  have  been 
busily  involved  in  changing  their  maintenance  practices  by  extending  territories  of  track 
maintenance  forces  and  supplementing  them  with  floating  gangs.  In  some  instances  dis- 
trict gangs  were  organized,  housed  in  barracks  or  outfit  cars,  and  furnished  with  suitable 
transportation  and  machinery. 

Small  patrol  gangs  are  used  for  current  or  short-term**  maintenance  by  some  rail- 
roads to  inspect  switches,  take  care  of  other  small  chores,  and  in  some  cases  of  emer- 
gency to  perform  protective  work  until  district  or  floating  gangs  can  be  moved  in. 

On  the  roads  that  responded  to  the  questionnaire  there  are  49,249  miles  of  main 
track  and  22,625  miles  of  yards  and  sidings  involved.  Traffic  density  ranges  from  3  mil- 
lion to  60  million  gross  tons  per  year. 


*  Long-term  maintenance  is  the  replacement  of  material  or  work  performed  over  long  periods  of 
time  due  to  the  stability  of  materials  in  track  construction,  and  includes  such  items  ;in  tic  renewals, 
surfacing   track,   relaying   rail,   ballast   cleaning  or  replacement,   etc. 

**  Current  maintenance  Ls  short  term  in  nature  and  includes  such  items  as  inspection  of  track, 
track  cleaning,  inspecting  and  adjusting  switches,  correcting  small  irregularities  in  joints,  line,  $ur- 
face,   etc. 
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In  1°46  there  was  an  approximate  investment  of  $16.89  million  in  track  and  road- 
way machinery  and  equipment.  In  1960  this  investment  amounted  to  $50.95  million. 
The  ratio  of  on-track  to  off-track  equipment  was — 

RATIO 
Off-Track     On-Track 

In  1946    75%  25% 

In  1960    : 60%  40% 

This  ratio  is  based  on  limited  knowledge  but  seems  typical. 

There  does  not  appear  to  have  been  any  significant  change  from  1946  to  1960,  ex- 
cept in  certain  track  refinements  brought  about  by  such  matters  as  extension  of  cen- 
tralized traffic  control,  in  the  type  of  ballast  used  or  standard  roadbed  sections.  Weight 
of  rail  varies  from  90  lb  per  yard  to  155  lb  per  yard.  Type  of  ballast  includes  stone, 
chat,  trap  rock,  slag,  gravel,  cinders,  etc. 

It  would  appear  that  90  percent  of  all  maintenance  work  reported  is  programmed. 
The  original  programs  are  made  at  the  division  level  and  are  processed  through  proper 
channels  to  the  chief  engineer  where  additions  or  curtailments  are  made  and  system 
programs  and  budgets  are  approved. 

Fifteen  percent  of  track  forces  are  transported  to  work  site  by  track  motor  car  and 
85  percent  by  busses,  truck  or  other  means.  Ninety-five  percent  of  materials  are  trans- 
ported by  work  trains. 

Seven  of  the  responding  railroads  indicate  they  have  built  parallel  and  access  roads 
for  transportation  of  men  and  material.  In  the  other  cases  it  was  indicated  that  avail- 
able roads  sufficed. 

Savings  approximating  20  percent  have  been  realized  in  man-hours  through  the  use 
of  off-track  equipment.  This  includes  transportation  of  men  and  material. 

Barracks,  trailers,  and  camp  outfits  are  used  to  house  maintenance  of  way  forces. 
Saven  reporting  railroads  use  camp  outfits  exclusively.  Three  railroads  reported  the  use 
of  both  camp  outfits  and  trailers;  two  railroads  reported  exclusive  use  of  trai'.ers. 

Equipment  operators  appear  in  most  cases  to  be  trained  by  on-the-job  qualified 
personnel.  This  includes  supervisor  of  work  equipment,  roadway  mechanic,  division  me- 
chanics, and  qualified  equipment  operators.  Mechanics  are  assigned  to  work  forces  for 
running  repairs.  Annual  or  periodic  equipment  overhaul  is  performed  in  all  cases  in  the 
owners'  maintenance  of  way  shops. 

An  average  relationship,  representative  of  the  effect  of  investment  in  track  mainte- 
nance mechanization  and  work  force  reorganization  upon  labor  productivity  measured 
in  man-hours  per  mile  of  track,  was  determined  employing  the  methods  of  multiple  re- 
gression on  the  data  from  completely  reporting  railroads. 

This  relationship  may  be  expressed  as  follows, 

Y  =  1429.360  —  143.947Ara  +  0.076A"2  —  0.040A'3   (1) 

where  Y  =  man-hours   per   mile   expended   to   maintain   track   and   roadway, 
ATi  =  investment    in    track    and    roadway    maintenance    mechanization 

(millions  of  dollars), 
X2=The  number  of  trackmen  employed  in  maintenance, 
X3  =  The  number  of  work  forces  engaged  in  maintenance. 

The  factors  enumerated  above  are  among  the  more  important  affecting  productivity 
of  track  force  labor  but  are  not  the  only  ones.  The  relative  importance  of  the  factors 
considered  in  Equation  (1)  as  to  their  effect  uocn  track  force  labor  productivity  are 
listed  in  the  following  table. 
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Relative  Importance 
(Standardized  Regression 
Factor  Coefficients  Absolute) 

\\    0.55 

A",    0.26 

X3    0.04 

Thus,  the  money  invested  in  track  and  roadway  mechanization  contributes  more  to 
improving  track  force  productivity  than  any  of  the  other  factors  considered  in 
Equation  (1). 

It  is  believed  that  the  formula  presented  in  the  foregoing,  which  was  derived  from 
analysis  of  the  pertinent  factors,  offers  an  acceptable  method  which  any  railroad  may 
use  to  assess  its  present  status  and  determine  its  future  potential  economy. 

In  general  the  data  contained  in  this  report  covers  the  15-year  period  1946-1960. 
The  manufacturers  of  railroad  equipment,  with  tha  help  of  railroad  maintenance  engi- 
neers, have  developed  machines  which  have  revolutionized  maintenance  practices. 

Frcm  a  study  of  the  data  submitted  to  the  subcommittee,  it  is  obvious  that  maxi- 
mum, practicable  mechanization  now  and  in  the  future  is  mandatory.  This  no  longer  is 
optional;   there  is  no  alternative  course. 


Report  on  Assignment  4 

Labor  Economies  To  Be  Derived  From  the  Use  of  Modern 

Equipment,  Optimum  Treating  Programs,  and  the  Most 

Efficient  Chemicals  for  Control  of  Vegetation 

Collaborating  with  Committee   1 

H.  E.  Wilson  (chairman,  subcommittee),  A.  D.  A'derson,  J.  A.  Cavwood,  W.  E.  Chap- 
man, B.  S.  Converse,  S.  B.  Culliford,  C.  G.  Davis,  M.  H.  Dick,  H.  J.  Fast,  V.  C. 
Hanna,  E.  Q.  Johnson,  Claude  Johnston,  T.  L.  Kanan,  H.  E.  Kirbv,  L.  A.  Loggins, 
J.  M.  Lowrv,  F.  H.  McGuigan,  J.  R.  Miller,  G.  M.  O  Rourke,  C.  T.  Popma,  M.  S. 
Reid,  J.  S.  Snyder,  A.  H.  Stimson,  G.  M.  Strawhun,  J.  T.  Sullivan,  J.  T.  Ward, 
D.  H.  Yazell. 

Your   committee   submits   the   following   final   report   as   information: 
Questionnaires  were  sent  to   56   railroads  and   replies  were   received   from  35.   From 
the  replies  it  wes  learned  that  the  equipment  used  for  control  of  vegetation  consists  of: 

1.  Spray  cars  handled  by  work   trains,  requiring  a   4-5   man  crew. 

2.  Self-propelled  spray   cars,   with   various  tank  capacities,   requiring  a   conductor 
and  brakeman. 

3.  Spray  cars  towed  by  motor  car  requiring  no  train   crew. 

4.  Mechanical  and  hand-operated  spreaders  for  dry   chemicals 

Twenty-six   roads  handle  part  or  all  chemical   weed  control  and   most    brush  control 
by  contract. 

The  costs  for  chemical  weed  control  vary  over  a  wide  range,  as  shown  below 

Labor  for  Application 

0.25  man-hours  per  mile  (22-ft  width) 

3.00  man-hours  per  mile  (16-lt  width) 

0.49  man-hours  per  acre 

9.10  man-hours  per  acre 
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Chemical  Cost 

$23.00  per  mile  (16-ft  width) 

75.00  per  mile  (16-ft  width) 

11.62  per  acre 
48.00  per  acre 
Oil 

$  9.60  per  mile  (24-ft  width) 

15.35  per  mile  (20-ft  width) 

Costs  for  brush  control  vary  from  $15  to  $134  per  acre,  including  both  chemical 
and  application. 

Costs  for  vegetation  control  around  bridges  vary  from  0.05  man-hours  labor  for 
application  and  $0.23  for  chemicals  per  100  sq  ft,  to  0.25  man-hours  labor  and  $6.48  for 
chemicals.  Total  acre  costs  vary  from  $48  to  $175. 

On'y  three  roads  reported  on  removal  of  vegetation  around  bridges  by  hand ;  one 
stated  this  required  4  man-hours  labor  per  100  sq  ft;  and  one  furnished  cost  of  $1.20 
for  removing  by  hand,  and  $0,376  for  chemical  control.  The  third  reported  a  cost  per 
acre  as  follows: 

Hand  cut  by  shovels   $655 

Apply   chemical    65 

Cost   of   chemical    154 

Based  on  the  latter  figures,  chemical  control  of  vegetation  around  trestles  represents  a 
saving  of  $436  per  acre  compared  with  hand  removal,  or  just  about  1   cent  per  sq  ft. 

The  consensus  of  reporting  reads  was  that  a  uniform  program  each  year  is  desir- 
able, and  15  indicated  they  so  handle.  Four  roads  report  they  favor  a  uniform  program, 
but  that  declining  revenues  scmetime  necessitate  curtailment.  Four  roads  state  it  is  not 
economical  to  skip  a  year  occasionally,  but  five  state  they  usually  find  it  satisfactory  to 
skip  about  one  year  in  four — depending  upon  rainfall,  etc. 

With  the  use  of  soil  sterilants  it  is  believed  that  treatment  can  be  skipped  once  in 
three  or  four  years,  but  it  is  doubtful  if  this  would  be  the  case  with  the  ordinary  chem- 
icals or  "contact"  type  of  weed  killers. 

Various  mixtures  of  chlorates,  borates,  and  chlorides  are  the  most  commonly  used 
chemicals  for  weed  control.  For  brush  control  2,4-D;  2,4,5-T  ester  and  ammates  are 
almost  universally  used.  The  amounts  per  acre  vary  according  to  vegetation,  climate, 
and  rainfall. 

Means  of  vegetaticn  control,  other  than  chemical,  consist  of  on-  and  off-track  mow- 
ing, track-mounted  burners,  disking  and  use  of  bulldozers.  Few  reports  of  comparative 
costs  were  received,  but  those  reporting  indicate  on-track  mowing  and  burning  generally 
cost  more   than   chemical  control  and  results  are  not  as  satisfactory. 

Generally,  one  burning  or  one  mowing  costs  less  than  one  application  of  most  chem- 
icals, but  rarely  will  one  burning  or  mowing  suffice.  Usually  two  or  three  are  required 
each  season.  Burning  is  now  prohibited  in  many  urban  areas,  and  in  most  forest 
preserves. 

As  to  labor  economies  to  be  derived  from  effective  control  of  vegetation  by  chem- 
icals, no  specific  information  was  developed.  Typical  statements  are: 

"There  are  definite  economies;  however,  it  is  rather  difficult  to  arrive  at  concrete 
figures." 

"No  recent  comparison  but  economies  are  very  considerable." 
Only  one  road  reported  in  the  negative  stating:   "We  have  been  unable  to  achieve 
effective  control  of  weeds  by  chemicals." 
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One  road  reported  a  saving  of  $1.35  per  track  foot  by  chemical  control  of  weeds 
compared  to  hand  cutting,  another  an  overall  saving  of  40  percent  annually,  and  a  third, 
a  saving  of  $75  to  $80  per  mile  compared  to  the  use  of  on-track  mowers. 

One  road  reported  a  saving  of  $74  per  acre  for  chemical  brush  control  compared 
to   hand   clearing,  and   $58   per  acre   compared   to   machine  clearing. 

The  reporting  roads  are  fairly  uniformly  distributed  geographically,  with  the  largest 
group  being  in  the  eastern  and  northeastern  part  of  the  country.  Because  of  the  many 
different  soil  and  climatic  conditions  represented  by  the  reporting  roads,  it  is  not  sur- 
prising that  the  practices,  costs  and  results  in  vegetation  control  vary  so  greatly. 

Although  this  assignment  of  the  committee  was  to  develop  the  labor  economics 
to  be  derived  from  the  use  of  modern  equipment,  optimum  treating  programs,  and  the 
most  efficient  chemicals  for  control  of  vegetation,  as  previously  indicated  few  specific 
figures  were  furnished  by  the  35  reporting  railroads.  Even  so,  from  the  information 
furnished,  there  are  labor  economies  to  be  derived  from  proper  chemical  methods  of 
vegetation  control.  Some  of  these  are  as  follows: 

1.  The  control  of  vegetation  by  chemicals  costs  less  than  cutting  by  hand,  on-track 
mowing  or  burning  (for  entire  seascn),  and  in  most  cases  is  more  desirable.  With 
present-day  labor  costs,  hand  cutting  cannot  be  considered.  On-track  mowing,  in  addi- 
tion to  the  high  cost,  ties  up  section  gangs,  keeping  them  from  productive  track  work, 
and  is  hazardous.  The  stubs  of  the  weeds  left  by  mower  cutting  presents  a  personal 
injury  hazard  to  trainmen  and  others  who  have  to  work  along  the  track.  Unless  burn- 
ing is  accomplished  when  vegetation  is  small  and  tender  the  "skeleton"  or  stalks  remain 
and  are  unsightly ;  usually  two  or  more  burnings  or  mowings  are  required  each  year, 
depending  upon  rainfall,  but  chemicals  if  properly  applied  will  control  vegetation  with 
one  application  annually.  This  is  not  always  true  for  the  "contact"  killers  such  as  aro- 
matic oils,  etc.,  but  usually  two  treatments  of  the  "contact"  killers  can  be  made  at  less 
cost  than   burning  or  on-track  mowing. 

2.  The  elimination  of  vegetation  from  the  ballast  section  improves  drainage,  de- 
creases fou'ing  of  ballast,  increases  life  of  ties,  and  permits  longer  cycles  of  resurfacing 
and  renewal  of  ballast.  Track  work  such  as  tie  renewals,  spotting,  or  surfacing  can  be 
performed  at  less  cost  if  track  area  is  free  of  weeds. 

3.  Improved  appearance  of  a  track  free  of  weeds  is  an  intangible  benefit,  but  cer- 
tainly a  desirable  one. 

4.  Elimination  of  vegetation  around  timber  trestles  costs  much  less  by  chemicals 
than  by  hand  "scuffing"  and  is  cheap  fire  insurance. 

5.  On  a  track  free  of  vegetation  tranimen  can  more  easily  inspect  their  trains  and 
can  detect  hot  boxes  or  dragging  equipment  on  curves  when  such  would  not  be  possible 
if   track  area   and  embankment   shoulders  are  covered   with   weeds. 

Committee  1  has  had  its  As  ignment  11 — Chemical  Control  of  Vegetation,  for  some 
time,  and  under  the  direction  of  C.  E.  Webb,  subcommittee  chairman,  prepared  a  very 
complete   report  which  was  published  in  AREA  Bulletin  556,  February   1060,  page  725. 

This  report  furnishes  information  on  vegetation  control  research  at  North  Carolina 
State  College,  and  on  field  studies  conducted  in  1059  by  the  AAR  research  staff.  A  com- 
plete list  of  chemicals  and  their  various  combinations  used  for  weed  and  brush  control 
work  is  given,  with  costs  and  an  evaluation  of  their  effectiveness.  It  i-  suggested  th;it 
this  report  be  referred  to. 

In  view  of  the  wide  variety  of  information  obtained  in  this  study  and  tin-  dearth 
of  precise  figures  as  to  specific  labor  economies  derived  from  chemical  control  of  vege- 
tation, it  is   recommended   that   the  subject   be  discontinued. 
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Report  on  Assignment  5 

Labor  Economies  to  Be  Effected  Through  Use  of  Power  Tools 
and  Mechanized  Equipment  by  Bridge  and  Building  Gangs 

W.  E.  Chapman  (chairman,  subcommittee),  J.  F.  Beaver,  J.  A.  Caywood,  B.  S.  Con- 
verse, P.  A.  Ccs^rove,  C.  G.  Davis,  M.  H.  Dick,  L.  E.  Donovan,  R.  L.  Fox,  L.  C. 
Gilbert,  R.  R.  Gunderson,  V.  C.  Hanna,  K.  E.  Henderson,  N.  W.  Kopp,  T.  D. 
Mason,  F.  H.  McGuigan,  III.,  J.  F.  Miller,  R.  W.  Pember,  Gnffi:h  Rav,  D.  E. 
Rudisill,  H.  W.  See'ev,  N.  E.  Smith,  John  S.ang,  W.  B.  Throckmorton,  J.  t.  Ward, 
G.  E.  Warfel,  H.  J.  Weccheider. 

Ycur  ccmmittee  submits  the  following  report  of  progress  in  determining  the  labor 
economies  to  be  effected  through  the  use  of  power  tools  and  mechanized  equipment  by 
bridge  and  building  gangs.  Again,  this  report  covers  only  certain  machines  found  to  be 
most  economical  and  refers  primarily  to  maintenance,  ahhough  the  tools  and  equipment 
described  are  also  economical  in  construction  and  rebuilding  work. 

Reference  is  made  to  the  committee's  reports  for  1958  and  1959. 

Roller  Conveyor  to  Handle  Bridge  Ties  on  Bridges 

On  a  heavy-traffic  line,  and  in  a  through-truss  bridge  of  considerable  lengh,  the 
use  of  a  ro'ler  conveyor  applied  to  the  outer  edge  of  the  ties  for  handling  new  and  old 
bridge  ties  has  proven  to  be  very  economical. 

The  roller  conveyor  is  installed  from  a  car  of  new  ties,  through  the  point  of  appli- 
cation, to  a  car  for  the  old  ties  to  be  disposed  of. 

Air  winches  are  used  on  both  cars  for  tie  handling,  and  a  custom-made  tripcd  is 
used  for  handling  ties  at  the  point  of  application. 

The  operation,  in  order,  is  as  follows: 

1.  Bridge   and  building  foreman  gives  general  supervi:ion,  particularly  at  tie  re- 
newal point. 

2.  On  new-tie  car,  clipping  new  ties  to  hoist  tongs. 

3.  Operating  hoist,  lowering  ties  to  roller  conveyor. 

4.  Pufhing  new  tics  on  conveyor  to  the  working  point. 

5.  Nailing  spacing  block  to  ties. 

6.  Turning  ties   (one-quarter  turn),  since  ties  were  placed  one-quarter  turn  from 
dapping  side. 

7.  Clipping  old  and  unclipp'ng  new  ties  from   tripod,  also  placing  ties  correctly. 
8  and  9.  Operating  tripod,  conducting  ties  to  and  from  the  conveyor. 

10.  Moving  all  ties  by  conveyor  to  old-tie  leading  car. 

11.  Cl'pping  old  ties  to  hoist  tongs. 

12.  Operating  air  winch  to  lift  old  ties  onto  the  car. 
13  and  14.  Stacking  ties  on  the  tie  car. 

15.  Utility  man  bearing  up  bottlenecks. 

16.  Six  section  men  breaking  rail  in  front  of  tie  renewal  operation  and  replacing 
it  immediately  behind. 

The  original  work  was  started  with  24  B&B  men  and  6  trackmen,  who  installed  70 
to  80  pre-dapped  ties  per  day  at  an  average  cost  of  $5.50  each. 

After  the  installation  of  the  conveyor,  15  B&B  men  and  6  trackmen  were  used, 
who  installed  180  to  200  pre-dapped  ties  per  day  at  a  cost  of  $1.50  per  tie. 
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Motor   Bug   for   Handling   Wet   Concrete   from   Ready-Mix 
Truck  to  Point  of  Use  in  Restricted  Places 

When  not  carrying  wet  concrete,  this  equipment  is  also  valuable  in  moving  debris, 
sand,  gravel  and  other  bulk  materials  normally  handled  in  wheelbarrows. 

This  equipment  can  move  such  mateiials  at  a  reduction  of  about  25  percent  in 
man-hours   required   per   cubic   yard   moved. 

Equipment  for  Lowering  Track  in  Tunnels  Under  Traffic 
(Can  be  Used  in  Solid  Rock  of  Class  of  Shale  or  Slate) 
The  operations  are  as  follows: 

1.  Remove   ballast   from   tie   cribs,   piling   the   material   against   the   tunnel   walls. 

2.  A  special  loader  is  used  to  pick  up  and  load  the  material  lying  against  the 
tunnel  walls  into  a  50-yd  dump  car.  The  loader  has  a  spiral  at  the  bottom 
of  each  loader  scocp  which  feeds  material  into  elevator  buckets  operating  on  a 
chain  and  deposils  this  material  into  chutes  which  empty  onto  a  conveyor  belt. 
The  loader  is  self  propelled  and  two  section  laborers  are  used  to  operate  it. 
One  controls  the  travel  of  the  machine  and  the  positicn  of  the  scocp  on  one 
side  and  the  other  controls  the  positicn  of  the  scoop  on  the  opposite  side. 

3.  Undercutting  follows,  using  a  chain  undercutter,  plowing  ballast  under  the 
track  into  the  spaces  between  the  ends  of  the  ties  and  the  walls  cf  the  tunnels. 

4.  The  special  leader  follows  each  pass  of  the  undercutter,  removing  the  material 
plowed  to  the  sides  of  the  tunnel. 

5.  Loo:e  materi:l,  ballast,  dirt,  etc.,  is  removed  in  passes,  removing  4J^  to  6y2  in 
at  a  p:ss,  until  solid  rock  is  reached  and  uncovered. 

6.  A  battery  of  drifting  broaching  drills,  four  in  number,  mounted  on  a  heavy- 
duty  push  car,  is  then  put  to  work,  placed  so  as  to  broach  out  a  ditch  2  ft 
wide  to  the  depth  necessary  on  both  sides  of  the  tunnel.  The  outer  edges  of 
these  ditches  are  flush  with  the  walls  of  the  tunnel.  A  line  of  holes  is  drilled 
at  the  same  time  across  the  rock  in  this  2-ft  ditch  line  at  1-ft  intervals.  A 
hydraulic  rock-j  k  is  used  to  break  off  the  1-ft  pieces  of  rock,  2  ft  wide,  and 
these  are  loaded  on  to  cars. 

Immediately  following  the  opening  of  the  ditch  on  each  side  of  the  tunnel,  pre- 
framed  forms  for  curbs  or  retaining  walls  are  set.  In  these  forms  are  placed  prefabricated 
reinforcing,  and  high-early-strength  concrete  is  poured. 

The  ditches  are  back-filled  with  loose  material,  such  as  ballast,  as  the  building  of  the 
curbs  proceeds. 

The  filling  of  the  ditch  is  done  to  reduce  the  chance  of  the  rock  crumbling  under 
trains  and  is  removed  as  the  undercutter  and  loader  work  through  the  tunnel  lowering 
the  track,  at  about  4:/i   in  per  pass. 

It  is  necessary  to  load  after  each  pass  of  the  undercutter  in  order  to  keep  as  much 
sp-ce  at  each  side  of  tunnel  as  practicable  in  order  that  the  nc\t  pass  of  the  undercutter 
will  be  able  to  force  more  material  from  under  the  tracks  to  the  sides  for  loading. 

The  above  method  and  machines  reduces  the  cost  of  lowering  track  in  tunnels  as 
much  as  2>2>  percent,  depending  upon  the  material  to  be  removed 

A  more  detailed  description  of  the  major  machines  involved  is  as  follows: 

The  undercutter  is  powered  by  a  180-hp  diesel.  The  propelling  drives  arc  two  hy- 
draulic motors  which  give  speeds  up  to  20  mph.  It  is  equipped  with  side  set-off  wheels 
raised  and  lowered  by  hydraulic  cylinders  and  each  wheel  is  hydraulicall)   propelled 
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The  ballast  in  front  of  the  cutting  chain  sprocket  is  removed  by  plows  located  each 
side  of  the  cutting  chain,  which  is  equipped  with  renewable  carbide  cutting  tips.  The 
minimum  working  clearance  is  178  in. 

The  loader  is  powered  by  a  gasoline  engine.  It  is  provided  with  two  bucket  loaders 
on  each  side  which  can  be  operated  simultaneously  to  pick  up  muck,  etc. 

For  clearing,  two  hydraulic  motors  are  used  which  give  speeds  up  to  17  mph. 

Special  Concrete  Saws 

Considerable  economy  is  being  derived  from  special  concrete  saws  in  removing  old 
concrete  from  buildings,  road  cross'ngs,  etc.  These  saws  use  either  abrasive  or  diamond 
cut-off  wheels  and  at  present  are  limited  to  a  depth  of  cut  of  about  6  in.  These  saws 
are  providing  30  percent  savings  over  old  methods  of  removing  concrete,  etc. 


Report  on  Assignment  6 

Relative  Economies  to  Be  Derived  Through  the  Use  of  Tie  Pads 
in  Various  Locations  and  Under  Varying  Circumstances 

R.  H.  Carpenter  (chairman,  subcommittee),  A.  D.  Alderson,  M.  B.  Allen,  E.  J.  Brown, 
J.  L.  Cann,  J.  A.  Caywcod,  C.  G.  Davis,  J.  L.  Fergus,  R.  L.  Fox,  E.  Q.  Johnson, 
N.  W.  Kopp,  R.  L.  Mays,  F.  H.  McGuigan,  H.  C.  Minteer,  R.  W.  Preisendefer, 
Griffith  Ray,  D.  E.  Rudisill,  R.  G.  Simmons,  H.  J.  Weccheider,  F.  R.  Woolford. 

This  is  a  final  report,  presented  as  information. 

Last  year  your  committee  presented  as  information  a  report  on  the  various  loca- 
tions where  tie  pads  are  being  used  and  the  estimated  economies  to  be  derived  from 
such  installations.  There  were  four  locations  reported  where  the  use  of  tie  pads  indicated 
possibilities  of  labor  economies,  namely,  open-deck  bridges,  insulated  joints,  public  high- 
way crossings   (including  paved  areas  in  streets)   and  railroad  crossings. 

At  all  locations  the  estimated  economies  would  be  secured  from  an  estimated  10 
to  29  percent  extended  tie  life.  The  extended  tie  life  results  from  the  sealing  action 
of  self-sealing  tie  pads,  which  prevents  penetration  of  moisture  and  abrasive  material 
between  the  tie  and  the  tie  plate.  The  additional  labor  required  to  place  the  tie  pad 
properly  on  the  tie  would,  however,  offset  the  labor  economies  secured  from  extended 
tie  life. 

CONCLUSION 

From  the  information  received  it  may  be  concluded  that  the  tie  pad  installations, 
in  most  cases,  are  too  recent  to  evaluate  the  labor  economies  possible.  The  greatest  pos- 
sibility for  labor  economies  presently  appears  to  be  from  tie  pads  used  with  railroad 
crossings  and  public  highway  crossings  resulting  from  estimated  savings  in  maintenance 
of   these  installations. 
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Report  on  Assignment  9 

Labor   Economies  to  be  Derived  Through  the  Use  of  Newly- 
Developed  Track-Lining  and  Track-Surfacing  Aids  and 
Equipment   Compared  to   Former  Methods  of 
Lining  and  Surfacing 

H.  C.  Minteer  (chairman,  subcommittee),  A.  D.  Alderson,  M.  B.  Allen,  E.  J.  Brown,  J.  L. 
Cann,  S.  A.  Cooper,  W.  M.  S.  Dunn,  J.  E.  Eisemann,  R.  L.  Fox,  V.  C.  Hanna, 
Claude  Johnston,  T.  L.  Kanan,  H.  W.  Kellogg,  N.  W.  Kopp,  T.  D.  Mason,  R.  L. 
Mays,  J.  R.  Miller,  C.  T.  Pcpma,  M.  S.  Reid,  H.  W.  Seeley,  E.  J.  Sierleja,  R.  G. 
Simmons,  John  Stang,  A.  H.  Stimson,  G.  M.  Strawhun,  W.  B.  Throckmorton,  J.  T. 
Ward,  H.  J.  Weccheider,  N.  H.  Williams,  H.  M.  Williamson,  F.  R.  Woolford,  D.  H. 
Yazell. 

Your  committee  submits  the  following  report  as  information. 

Track  Lining 

Prior  to  recent  developments,  most  roads  lined  track  by  hand  with  lining  bars, 
assisted  by  lining  jacks  in  some  instances.  This  lining  wjs  done  by  a  lining  gang  con- 
sisting of  a  foreman,  sometimes  an  assistant  foreman  and  an  average  of  11  laborers. 
On  about  30  percent  of  the  roads  reporting,  this  lining  gang  was  protected  by  live 
flagmen  or  gang  watchmen.  This  gang  lined  all  weights  of  rail  and  worked  productively 
Sl/2  hr  per  8-hr  shift,  lining  an  average  of  2860  lin  ft  of  track.  About  half  of  the  roads 
used  optical  lining  scopes,  with  the  other  half  lining  by  eye.  Practically  all  roads  used 
an  engineer  or  supervisor  and  2  laborers  to  take  data,  figure  and  establish  curve 
alinement. 

With  the  development  of  power-driven  lining  machines,  most  roads  turned  to  this 
method  of  lining.  The  use  of  machinery  reduced  the  lining  force  to  a  foreman  or  an 
assistant  foreman,  a  machine  operator  and  one  laborer.  Th's  machinery  lines  all  weights 
of  rail,  and  it  was  developed  that  it  can  work  productively  an  average  of  5^4  hr  per 
8-hr  shift,  lining  an  average  of  3736  lin  ft  without  the  wire  lining  device  and  4077  ft 
using  the  w're  lining  device.  About  two  thirds  of  the  roads  reporting  use  wire  lining 
devices,  with  the  remainder  using  optical  scopes  or  line  by  eye.  With  the  wire  lining 
device,  curves  are  figured  on  most  roads  by  either  the  foreman,  assistant  foreman  or 
machine  operator,  however  some  roads  have  an  engineering  department  representative 
do  the  figuring.  Roads  using  optical  lining  equipment  with  power-driven  lining  machines 
continue  to  use  an  engineer  or  supervisor  and  2  laborers  to  take  data,  figure  and  establish 
curve  alinement. 

Power-driven  lining  machines  are  manufactured  by  a  number  of  companies  and 
vary  considerably  in  cost,  comparing  the  lightweight  types  to  the  heavier  type  machines 
complete  with  the  wire  lining  device.  The.-e  machines  require  flagging  protection;  there- 
fore, the  lining  operation  is  usual'y  incorporated  as  part  of  the  operation  of  a  mechanized 
gang,  so  their  protection  is  provided  for  in  the  overall  gang  operation.  These  machines 
are  readily   removed  from  the  track  either  by   hand  or  on  portable  set-offa 

Out-of-Face   Track   Surfacing 

Prior  to  the  development  of  power-driven  tamping  jacks  and  powei  -driven  produc- 
tion tamping  m  .chines,  track  was  surfaced  out  of  face  using  hind  or  power  jacks  for 
the  track  raising  and  hand  tools,  picks,  forks,  shovels  or  individual  air  or  electric  hand 
tools  for  the  tamping  work.  The  average  work  force  consisted  of  a  foreman,  an  assistant 
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foreman,  a  machine  operator  if  electric  or  air  hand  tampers  were  used,  an  average  of 
24  laborers  and  usually  2  flagmen.  This  force  of  from  25  to  30  men  worked  productively 
an  average  of  6  hr  per  8-hr  shift  and  surfaced  an  average  of  1460  lin  ft  of  track.  On 
about  two-thirds  of  the  reporting  roads,  tie  renewals  were  made  in  conjunction  with 
the  surfacing  operation. 

With  ths  development  of  tamping  power  jacks  and  production  power  tampers,  most 
roads  surface  track  out  of  face  wilh  a  gang  consisting  of  a  foreman,  1  or  2  assistant 
foreman,  4  machine  operators,  10  laborers  and,  for  about  half  the  reporting  roads,  2 
flagmen.  Thus  a  force  of  about  18  men  works  productively  for  about  6  hr  on-track  time 
per  8-hr  shift  and  surfaces  approximately  3380  lin  ft  without  a  wire  surfacing  device 
and  4182  lin  ft  using  a  wire  surfacing  device,  with  one  power  tamping  machine.  About 
50  percent  of  the  reporting  roads  use  wire  or  optical  surfacing  devices.  On  most  of  the 
reporting  roads,  in  order  to  gain  as  much  productivity  as  possible,  trains  are  detoured 
whenever  possible  or  bunched  to  go  through  the  gang  during  a  fixed  period  of  time. 

Conclusion 

Thus  in  conclusion  it  will  be  noted  that  approximately  twice  the  production  with 
half  the  labor  force  has  been  gained  through  the  use  of  newly  developed  track-lining 
and  track-surfacing  aids  and  equipment  as  compared  with  former  methods  of  lining 
and  surfacing.  The  US3  of  the  newly  developed  track-lining  and  surfacing  aids  has  also 
improved  the  quality  of  lining  and  surfacing. 

It  is  recommended  that  this  subject  be  deferred  for  several  years  until  there  has  been 
further  development  in  lining  and  surfacing  devices. 
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To   the  American   Railway  Engineering  Association: 
Ycur  committee  reports  on   the  following  subjects: 

1.  Revision  of  Manual. 

Manual  material  presented  under  Assignments  2,  3  and  4. 

2.  Specifications  for  wood  preservatives. 

Progress  report,  including  Manual  material  presented  for  adoption   page  500 

3.  Specifications  for  petroleum  as  a  carrier  for  standard  wood  preservative-. 
Progress  report,  including  Manual  material  presented  for  adoption    page  503 

4.  Specifications  for  preservstive  treatment  of  forest  products,  including  lam- 
inated timbers,  collaborating  with  Committees  6  and  7. 

Progress  report,  including  Manual  material  presented  for  adoption    pane  503 

5.  Cor.diticning  of  wood  before  preservative  treatment. 

A  questionnaire  is  being  submitted  to  the  various  railroads  to  develop  in- 
formation on  the  extent  of  usage  of  the  different  seasoning  methods  for 
cross  ties,  lumber  and  other  timbers.  A  report  of  current  usage  will  be 
presented  at  a  later  date. 

7.  Service  test  records  of  treated  wood. 

Records  of  service  life  of  treated  cross  ties  of  several  railroads  presented  u 
information pace  505 

8.  Destruction   by   marine  organisms;   methods  of   prevention. 

New  developments  will  be  reported  as  information  becomes  available. 
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9.  Destruction  by  termites ;  methods  of  prevention,  collaborating  with  Com- 
mittees 6  and  7. 
Advance    report   presented   in    Bulletin    558,   June-July    1960. 

10.  Incising  forest  products. 

Information  will  be  submitted  as  it  becomes  available. 


The  Committee  on  Wood  Preservation, 

R.  B.  Radkey,  Chairman. 


AREA  Bulletin  561,  December  1960. 


Report  on  Assignment  2 

Specifications   for   Wood    Preservatives 

W.  W.  Barger  (chairman,  subcommittee),  Walter  Buehler,  D.  L.  Davies,  K.  C.  Edscorn, 
M.  S.  Hudson,  L.  W.  Klstler,  T.  H.  Patrick,  A.  P.  Richards,  R.  B.  Smith. 

Your  committee  offers  the  following  recommendations  with  respect  to  preservative 
specifications,  Part  2,  Chapter  17  of  the  Manual: 

Page  17-2-1 

CREOSOTE 

Reapprove  without  change. 

Page  17-2-3 

CREOSOTE-PETROLEUM   SOLUTION 

Reapprove  without  change. 
Page  17-2-3 

PETROLEUM  FOR  BLENDING  WITH  CREOSOTE 

Reapprove  without  change. 

Page   17-2-4 

ZINC  CHLORIDE 

Delete  from  Manual. 

Page  17-2-5 

CHROMATED  ZINC  CHLORIDE 

Reapprove  with  the  following  revisions: 

Add  letters  CZC  after  name  of  preservative. 

Add  the  following  comment: 

Comment 

Chrcmated  zinc  chloride  is  recommended  for  preservative  treatment  of  all  classes 
of  wood  except  marine  piling.  However,  water-soluble  salt  treatments  as  a  general  rule 
have  not  been  found  entirely  satisfactory  for  cross  ties  because  they  do  not  help  to 
protect  the  wood  mechanically,  are  subject  to  leaching  over  long  periods  and,  thus,  will 
decay  and  affect  circuit  conductivity. 
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Page  17-2-5 

TANALITH 

Reapprove  with  the  following  revisions: 

Change  name  from  Tanalilh  to  Fluor-Chrome-Arsenate-Phenol  Type  A  (FCAP 
Type  A). 

Add  the  following  comment: 

Comment 

Fluor-chrome-arsenate  phenol  Type  A  is  recommended  for  preservative  treatment 
of  all  classes  of  wood  except  marine  piling.  However,  water-soluble  salt  treatments  as  a 
general  rule  have  not  been  found  entirely  satisfactory  for  cross  ties  because  they  do  not 
help  to  protect  the  wood  mechanically,  are  subject  to  leaching  over  long  periods  and. 
thus,  will  decay  and  affect  circuit  conductivity. 

Page   17-2-6 

PENTACHLOROPHENOL 

Reapprove  with  the  following  revision: 

Revise  the  fourth  paragraph  to  read,  'Solvents  used  to  prepare  solutions  of  pen- 
tachorophenol  shall  comply  with  the  standards  of  the  AREA." 

Pages   17-2-6  and   17-2-7 

COPPER  NAPHTHENATE 

Reapprove  with  the  following  revision: 

Revise  the  fifth  paragraph  to  read,  "Solvents  used  to  prepare  solutions  of  copper 
naphthenate  shall  comply  with  the  standards  of  the  AREA." 

Page   17-2-7 

ACID  COPPER  CHROMATE 

Reapprove  with  the  following  revisions: 

Add  letters  ACC  after  name  of  preservative. 

Revise  first  paragraph  of  comment  to  read  as  follows: 

Acid  copper  chromate  is  recommended  for  preservative  treatment  of  all  classes  of 
wood  except  marine  piling.  However,  water-soluble  salt  treatments  as  a  general  rule 
have  not  been  found  entirely  satislactory  for  cross  ties  because  they  do  not  help  to 
protect  the  wood  mechanically,  are  subject  to  leaching  over  long  periods  and,  thus,  will 
decay  and  affect  circuit  conductivity. 

Page   17-2-8 

COPPERIZED  CHROMATED  ZINC  CHLORIDE 

Reapprove  with  the  following  revisions: 

Add  "CuCZC  after  name  of  preservative. 

Add  the  following  as  the  new  first  paragraph  of  the  comment: 

Copperizcd  chromated  zinc  chloride  is  recommended  for  preservative  treatment  of 
all  classes  of  wood  except  marine  piling.  However,  water-soluble  salt  treatments  as  a 
general  rule  have  not  been  found  entirely  satisfactory  for  cross  ties  because  they  do  not 
help  to  protect  the  wood  mechanically,  are  subject  to  leaching  over  long  periods  and, 
thus,   will  decay   and  affect   circuit   conductivity. 
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Page   17-2-9 

CHROMATED  ZINC  ARSENATE 

Reapprove  with  the  following  revisions: 

Add  letters  CZA  after  name  of  preservative. 

Revise  first  paragraph  of  comment  to  read  as  follows: 

Chromated  zinc  arsenate  is  reccmmended  for  preservative  treatment  of  all  classes 
of  wood  except  marine  piling.  However,  water-soluble  salt  treatments  as  a  general  rule 
have  not  been  found  entirely  satisfactory  for  cross  ties  because  they  do  not  help  to 
protect  the  wood  mechanically,  are  subject  to  leaching  over  long  periods  and,  thus,  will 
decay  and  affect  circuit  conductivity. 

Page  17-2-10 

AMMONIACAL  COPPER  ARSENITE 

Reapprove  with  the  following  revisions: 

Add  letters  ACA  after  name  of  preservative. 

Revise  fi  st  paragraph  of  comment  to  read  as  follows: 

Ammoriacal  copper  arsenite  is  recommended  for  preservative  treatment  of  all  classes 
of  wood  except  marine  piling.  However,  water-solub'e  salt  treatments  as  a  general  rule 
have  not  been  found  entirely  satisfactory  for  cross  ties  because  they  do  not  help  to 
protect  the  wood  mechanically,  are  subject  to  leaching  ever  long  periods  and,  thus, 
will  decay  and  affect  circuit  conductivity. 

Page  17-2-11 

CHROMATED  COPPER  ARSENATE 

Reapprove  with  the  following  revisions: 

Add  le'.tsrs  CCA  after  n:me  of  preservative. 

Revise  first  paragraph  of  comment  to  read  as  follows: 

Chromated  copper  arsenate  is  recommended  for  preservative  treatment  of  all  classes 
of  wood  except  m-r'ne  piling.  However,  water-soluble  salt  treatmen's  as  a  general  rule 
have  not  been  found  entirely  satisfactory  for  cross  ties  because  they  do  net  help  to 
protect  the  wood  mechanically,  are  subject  to  leaching  ove,r  long  periods  and,  thus, 
will  dec^y   and  affect  circuit   conductivity. 

In  the  two  new  preservatives  adopted  at  the  annual  meeting  in  March  1960,  namely, 
Fluor-Chrome-Ar:enate-Phencl  Type  B  (Manual  page  17-2-13),  and  Copperized 
Chromated  Zinc  Arsenate  (Manual  page  17-2-14),  the  following  editorial  changes  should 
be  made: 

Add  "FCAP  Type  B"  after  the  name  of  the  fi-st  preservative  and  "CCZA"  after 
the  name  of  the  second.  A'so,  the  word  "arsenate:'  in  the  name  of  the  first  m2ntioned 
preservative  was  incorrectly  published  as  "Arsenic",  and  should  be  changed  to  "Ar- 
senate." 


Your    cemmittee    offers    the    following    recommendation    with    respect    to    Part    3, 
Chapter  17. 

Page  17-3-9 

SIMPLIFIED   METHOD   FOR  TAKING   ZONE   SAMPLES 
OF   CREOSOTE   IN  TANK  CARS 

Reapprove  without  change. 
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Report  on  Assignment  3 

Specifications  for  Petroleum  as  a  Carrier  for  Standard 
Wood  Preservatives 

T.  H.  Patrick  (chairman,  subcommittee),  W.  W.  Barger,  L.  C.  Collister,  R.  F.  Dreitzler, 
H.  R.  Duncan,  R.  G.  Zeitlow. 

In  inve:tijating  the  use  of  petroleum  oils  as  a  carrier  for  copper  naphthenate,  your 
committee  developed  that  the  same  solvent  used  for  pentach'.orophenol  is  suitable  for 
copper  naphthenate. 

According'}-,  the  following  recommendations  with  respect  to  the  Manual  material 
on  petroleum  solvent  for  pentachlorophenol  are  submitted  for  adoption: 

Page  17-2-12 

PETROLEUM  SOLVENT  FOR  PENTACHLOROPHENOL 

Reapprove  with  the  following  revisions: 

Charge  title  to  read  "Petroleum  Solvent  for  Pentacholorophenol  and  Copper  Naph- 
thenate." 

Add  the  wrds  "and  copper  naphthenate"  after  the  word  "pentacholorophenol"  in 
the  first  paragraph. 

In  the  first  sentence  of  the  sixth  paragraph,  reading  as  follows:  "The  viscosity  shall 
be  not  less  than  30  sec  and  not  more  than  60  sec  .  .  .",  delete  the  words  "not  less  than 
30  sec  and."  This  requirement  has  been   found   unnecessary  and  cannot  be  accurately 
determined  by  a  S:\bolt  Universal  vhcosity  meter. 


Next  year  ycur  cemmittee  proposes  to  study  oil  solvents  fcr  pentachlorophenol  and 
copper  naphthenate  where  extra  cleanliness  of  the  treated  m  iterial  is  desirable. 


Report  on  Assignment  4 

Specifications  for  Preservative  Treatment  of  Forest  Products, 
Including  Laminated  Timbers 

Collaborating  with  Committees  6  and  7 

L.  C.  Collister  (chairman,  subcommittee),  P.  D.  Brent'inger,  C.  S.  Burt,  D.  L.  Davies, 
R.  F.  Dreitzler,  H.  R.  Duncan,  F.  J.  Fudge,  W.  L.  Kahler,  T.  H.  Patrick,  R.  R. 
Poux,  R.  B.  Rackey,  W.  C.  Reichow. 

Under  this  assignment  your  committee  has: 

1.  Reviewed  present  specifications  for  treatment  of   forest    products  with  a  view 
toward  submitting  additions  or  revisions. 

2.  Reviewed  retentions  for  TD  ties  with  particular  reference  to  requirements  for 
treatment  to  refusal. 

As  a  result  of  this  work,  the  committee  submits  for  adoption  the  following  recom- 
mendations with  respect  to  Part  4,  Chapter  17  of  the  Manual. 

Bull.  S61 
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Pages   17-4-1   to   17-4-18.1,  incl. 

SPECIFICATIONS  FOR  TREATMENT 

Reapprove  with  the  following  revisions: 

Page  1 7—4—5 .  Sec.  D.  Prerervatives — In  the  list  of  preservatives  delete  Zinc  Chloride; 
add  Acid  Copper  Chrcmate,  Ammoniacal  Copper  Arsenite,  Copper'zed  Chromated  Zinc 
Chloride,  and  Fluor-Chrome-Arsenate-Phenol  Type  B  (Osmose  Salt);  change  Tanalith 
to  read  Fluor-Chrome-Arsenate-Phenol  Type  A,  making  the  revised  list  read  as  follows: 

Creosote-Type  Preservatives 

(1)  Creosote 

(2)  Creosote-Coal  Tar  Solutions 

(3)  Creosote-Petroleum  Solutions 

Water-Borne  Preservatives 

(1)  Ammoniacal  Copper  Aresenite  (ACA) 

(2)  Acid  Copper  Chromate  (ACC) 

(3)  Chromated  Ccpper  Arsenate  (CCAN- 

(4)  Chromated  Zinc  Arsenate  (CZA) 

(5)  Chromated  Zinc  Chloride  (CZC) 

(6)  Copperized  Chromated  Zinc  Arsenate  (CuCZA) 

(7)  Copperized  Chromated  Zinc  Chloride  (CuCZC) 

(8)  Fluor-Chrome-Arsenate-Phenol  Type  A  (Tanalith)    (FCAP  Type  A) 

(9)  Fluor-Chrome-Arsenate-Phenol  Type  B   (Osmose  Salts)    (FCAP  Type  B) 

Oil-Borne  Preservatives 

(1)  PenUchlorophenoI 

(2)  Copper  Naphthenate 

Pages  17-4-8  to  17-4-18.1,  inch,  Table  1 — Specific  Requirements  for  Preservative 
Treatment  by  Pressure  Processes — change  the  data  for  water-borne  preservatives  for  the 
species  shown  on  pages  17-4-8,  17-4-9,  17-4-10,  17-4-15,  17-4-16,  17-4-16.1,  and  17- 
4-18.1,  to  read  as  follows: 

Results  of  Treatment 

Water-borne  Above  Ground 

Preservatives**  Ground  Contact 

ACA  0.30      0.50 

ACC   0.50       1.00 

CCA  0.35      0.55 

CZA  0.50       1.00 

CZC   0.75       1.00 

CuCZA  0.50       1.00 

CuCZC  0.75       1.00 

FCAP  Type  A  0.35      0.50 

FCAP  Type  B  0.35      0.55 

Page  17-4-17.  Change  the  retentions  of  creosote-type  preservatives  for  AREA — TD 
ties  from  refusal  to  9  lb  per  cu  ft. 


**  Not    recommended    where   leaching    is   a   major   consideration. 
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Page  17-4-19 

METHODS   OF   DETERMINING   PENETRATION   IN   WOOD 
TREATED   WITH    PRESERVATIVES 

Reapprove  with  the  following  revisions: 

Delete  Zinc  Chloride  and  Pentachlorophenol  and  revise  list  to  read  as  follows: 

1.  Ammoniacal  Copper  Arsenite  (ACA) 

2.  Acid  Copper  Chromate  (ACC) 

3.  Chrcmated  Copper  Arsenate  (CCA) 

4.  Chromated  Zinc  Arsenate  (CZA) 

5.  Chromated  Zinc  Chloride  (CZC) 

6.  Copperized  Chrcmated  Zinc  Arsenate  (CuCZA) 

7.  Copperized  Chromated  Zinc  Chloride  (CuCZC) 

8.  Fluor-Chrome-Arsenate-Phenol  Type  A   (Tanalith)    (FCAP  Type  A) 

9.  Fluor-Chrome-Arsenate-Phenol  Type  B   (Osmose  Salts)    (FCAP  Type  B) 

Pentachlorophenol  was  deleted  from  this  list  because  there  is  no  method  of  test  in 
accordance  with  AVVPA  Standard  A3. 

Pages   17-4-20  to  17-4-22,  incl. 

SPECIFICATIONS   FOR   PRESSURE   TREATMENT   OF   WOOD 
TO  MAKE   IT  FIRE  RESISTANT 

Reapprove  without  change. 


Report  on  Assignment  7 

Service  Test  Records  of  Treated  Wood 

R.   P.  Hughes   (chairman,  subcommittee),  A.  B.  Baker,  C.  M.  Burpee,  L.  W.  Kistler, 
R.  R.  Poux,  R.  B.  Radkey,  W.  S.  Reichow. 

In  submitting  the  following  report  on  service  test  records  of  treated  wood,  your 
committee  confined  itself  to  records  on  the  service  life  of  treated  cross  ties.  The  data 
are  from  the  following  companies: 

Atchison,  Topeka  &  Santa  Fe  Railway 

Service  test  records  on  hewn  southern  pine,  hewn  gum  and  sawn  Douglas  fir  cross 
ties  treated  with  8  lb  per  cu  ft  of  a  solution  containing  50  percent  gas  oil  and  50  percent 
treating  oil  with   5  percent  pentachlorophenol  added. 

Union  Pacific  Railroad 

Records  of  cross  tie  test  sections. 

Northern  Pacific  Railway 

Summary  of  1959  tie  service  records 

Chesapeake  and  Ohio  Railway 

Life  of  mixed  oak  test  ties,  and  cross  tie  renewal  predictions. 
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NORTHERN  PACIFIC  RAILWAY  COMPANY 
SUMMARY  OF  1959  TIE  SERVICE  RECORDS 


:     :Avg. 

:Prin- 

:     -.Life 

:cipal 

PCF  :Date 

:Per  :Renew- 

:  cause 

Species 

Number  : Treat - 

Re-  :In- 

:Date 

:Cent  :als 

Est.  :of 

of 

In-    :ing 

Preserva- 

ten-:stal- 

:Last 

:Re-  :To 

Total: Re- 

Wood 

stalled :Process 

vative 

tion:led 

:Insp. 

:moved:Date 

Life  :movai 

No.  1  -  Grassy  Point,  Duluth-Superior  Terminal: 


V.'.Oak 

100 

None 

" 

- 

1922 

1948 

100 

14.9 

14.9 

Decay 

Birch 

98 

Lowry 

Creosote 

6.25 

1922 

1959 

18 

33.9 

50  ) 

78$  plate  cut 

Birch 

101 

IT 

(50-50, C. P.) 

7.0 

1922 

1959 

22 

34.0 

50  ) 

&  Decay 

H. Maple 

101 

" 
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II 
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II 
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Total  Trt. 
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" 

1922 

1959 

27 

29.5 

45  ) 

No.  3  -  Scoria  Line  Change: 

Oak  &  Maple  644   Lowry  (50-50, C.P.)  8.0   1946  1959    0  13.0   50 


No.  4  -  Joppa  Line  Change: 

Coast  D.  Fir 

&  Hemlock  1000   Lowry  (50-50, C.P.)  8.0 


1945  1955   0  14.0   50 


No.  5  -  Plateau: 

W.  Oak     121 

None 

- 

1923 

1959 
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10.5 

10.5 

Decay 

Birch      101 

Lowry 

Creosote 

1923 

1959 

0 

36.0 

50 

44;?  plate 

cut 

Birch      100 

it 

(50-50,C.P.) 

1923 

1959 

28 

29.4 

45 

&  decay 

H .Maple     101 

" 

Creosote 
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1959 

17 

25.9 

50 
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it 

(50-50.C.P.) 

1923 
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97 

23.4 

26 
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" 
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82 

25.5 

31 
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» 
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85 
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30 

38$  cause 

Rock  Elm     50 

ii 

(50-50,C.P.) 
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1959 

38 

28.0 

42 

unknown 

Total  trt.  652 

ii 

1923 

1959 

50 

25.3 

38 

No.  6  -  Bristol 

Line  Change: 

Coast  Douglas 
Fir       1000   Lowry  (50-50, C.P.) 


8.0   1944  1959    0  15.0   50  ) 


Ho.  7  -  Seattle: 
Douglas  Fir   5 
Douplas  Fir  10 


B.American 
Hardwoods 


(  5$  Penta    J 

Lowry(95$  diesel  Qil)8.0 

••((1.31S8  Penta   ))8.0 

((73.6J5  diesel  Oil)) 

((25$  creosote  )) 


1942  1959   20   4.0 
1942  1959   10   8.0 


23 
26 


1942  1959   9   7.0   27 


Splitting 
&  checking 

23$  of  ties 

)Split  &  decay  consider 

)able  checking. 

Split  &  decay. 


No.  8  -  Nisqually: 

Coast  D.  Fir600   Lowry  (45/55, C.P.)  7.9   1941  1959   34  13-8   21 


No.  9  -  Puoslyn  Branch: 

Hemlock    1000   Lowry  (45/55, C.P.)  11.8   1930  1959 

Office  of  Engineer  of  Timber  Preservation 
N.P.  Ry.  Co.,  St.  Paul,  Minn.,  June  23,  I960 


0  29.0   50 


Mechanical  Damage  86$ 
split  &  decay  14$ 
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FISCAL  YEAR  ENDING  JUNE  30 
OF  YEAR  INDICATED 


CALENDER  YEAR  ENDING  DEC.  31 
OF  YEAR  INDICATED 


ACTUAL   RENEWALS 


NOTES 

RENEWAL  PREDICTION  WAS  DEVELOPED  FROM  DATASHOWN 
ON  PAGES  336  TO  339,V0L.97,0F  THE  ENGINEERING  NEWS 
RECORD.DATED  AUGUST  26,1926  AND  PAGES  798T0809.V0L. 
35  OF  A  RE. A  PROCEEDINGS. 

ACTUAL  RENEWALS  OBTAINED  FROM  ANNUAL  REPORTS. 
ADDING  HOCKING  VALLEY  TO  THE  OB.0  FROM  1900  TO  1929 
AND  BY  ADDING  THE  FOLLOWING  MILES  OF  NEW  TRACK  IN 
THE  YEAR  GIVEN: 

39MI.-I903;  4IMI.-I904;  85MI.-I905,  99MI-I909, 

284MI.-I9I0;    39MI.-I9I2;  I64MI.-1932 

UNTREATED  TIES  USED  1900  TO  1930,  9  YEAR  LIFE 
TREATED  TIES  USED  1917  TO  1923,  20YEAR  LIFE 
TREATED    TIES  USED  1924  TO  DATE, 24  YEAR  LIFE 


ACTUAL    TIE  RENEWALS    FIGURES   INCLUDE 
M.L.  B    S.T.    TIES  FOR    SOUTHERN   REGION 
AND  HOCKINO   DIVISION   ONLY   OF    THE    NORTH- 
ERN    REGION. 


A-  PERIOD 
1916  CLARIFIED 
5-19  52    T.F.C. 


IMS|lMs|Si 


THE  CHESAPEAKE  AND  OHIO  RAILWAY  COMPANY 

CROSS  TIE  RENEWAL 
PREDICTIONS 


OFFICE  OF  CHIEF  ENGR.    DRAWING    NUMBER 
RICHMOND.VA.                    M.W-5922-B 
JUNE  5,1948  FILE     l-E-41 


FOR  MORE  ON-TRACK  PRODUCTION  TIME 
MECHANIZE  WITH  A 

MULTI-GANG* 

PACKAGE  UNIT 


This  versatile  unit  Tamps — Jacks — Lines — Removes  and  Inserts  Ties — 
Pulls  Spikes — Bolts  and  Drills  Rails — Transports  Men,  Tools  and 
Material. 

For   complete   information    contact: 


LIMITED 


RAILWAY   DIVISION 


160     ST.     JOSEPH     ST..     LACHINE.     MONTREAL     32.     CANADA 

SALES   AND   SERVICE    REPRESENTATIVES    LOCATED 
THROUGHOUT   CANADA    AND   THE   U.S.A. 

*  PATENTS  PENDING 


* 


WOODINGS-VERONA  TOOL  WORKS 

Pioneer  Manufacturers 

o! 

HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Sine*  1873 

VERONA.  PA.  CHICAGO.  ILL. 


w 

WOODLNGS  FORGE  &  TOOL  COMPANY 

Makers 

of 

WOODINGS  RAIL  ANCHORS 

VERONA.  PA. 

CHICAGO.  ILL. 

TPC  SET-OFFS 

TPC  SWITCH  POINT  GRINDERS 

TPC  RAILBOND  GRINDERS 

Let  Us  Send  You  Circulars  and  Prices 

Transport  Products  Corporation 

3008  Magazine  Street  Louisville,  Kentucky 


TEXACO 


Railroad  Lubricants 

and  Systematic 
Engineering  Service 


Improve  Performance 
-  Reduce  Costs 


TEXACO  INC. 

RAILWAY  SALES  DIVISION 

135  East  42nd  Street,  New  York  17,  N.  Y. 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


HY-CROME 

DOUBLE    COIL 


HY-PRESSURE 
HY-CROME 


Do  Your  Crossing  Washers  Meet 
New  A.  R.  E.  A.  Specifications? 

The  HY-CROME  DOUBLE  COIL  SPRING  WASHER,  designed 
exclusively  for  crossing  application,  exceeds  by  30%  the 
newly  proposed  A.R.E.A.  specifications  of  10,000  lbs. 
reactive  pressure  at  .050"  release  from  the  fourth 
application  of  a  60,000  lb.  loading,  and  has  a  workable 
range  of  5/16" — for  an  extra  margin  of  safety  in  critical 
applications. 

Pictured  also  are  two  other  important  Eaton  — Reliance 
quality  helical  spring  washers,  both  long  accepted  at 
"standards"  in  their  fields,  and  which  every  day  effect 
significant    savings    for    railroads    everywhere. 


EATON®  RELIANCE 


LOCOMOTIVE 
HY-CROME 


New  York 


RELIANCE  DIVISION 


EATON  MANUFACTURING  COMPANY 

25  Charles  Ave. — Massillon,  Ohio 

Cleveland       •       Chicago       •       St.   Louis       •       San   Francisco       •       Detroit 


Here  are  (ho  up-to-date  tacts  on  the  SPENO  Ballast 
(.  leaning  and  the  SPENO  Rail  Grinding  Services 


BALLAST  CLEANING 

SPENO  Engineering  and  Research  has  de- 
veloped a  superior  screening  arrangement  so 
that  we  are  now  using  an  improved  Ballast 
Cleaner  with  greater  efficiency 

RAIL   GRINDING 


Our  Rail  Grinding  Service  has  been  m>  » 
received  we  are  now  building  a  THIRD  Rail 
Grinding  Train  to  take  care  of  the  increased 
demand 

SPENO  is  constantly  developing  means  for 
better  service  to  make  sure  that  the  Railroads 
receive  everything  they  pay  lor  —  and  more 


c/ud£~/vs/<>  &ie  &%c$u?ads  y%a£~fttK/e  uset£  as. 


5fc*  ^«w  FROGS,    SWITCHES    AND    CROSSINGS 


America's  Mosf  Complete 
Line  of  Track  Specioft/'es 

•  Depth  Hardened  Manganese 
Steel  Crossings 

•  Manganese  Steel  Guaid  Rails 

•  Vertical  Switch  Rods 

•  Switch  Point  Locks 

•  Automatic  Switch  Stands 

•  Samson  Switch  Points 

•  Rail  and  Flange  Lubricators 

•  Adjustable  Rail  Braces 


Ramapo's  facilities,  strategically  located  from  coast  to 
coast,  are  ready  to  serve  the  needs  of  America's  railroads. 
To  help  better  serve  the  needs  of  the  railroad^  industry, 
American  Brake  Shoe's  modern  research  laboritories  -fr  are 
constantly  used  by  Ramapo  Ajax_ Division  for  the  develop- 
ment, test  and  analysis  of  materials  and  devices.  Here  a 
continuous  study  against  the  forces  of  wear,  impact  and 
strain  is  conducted  with  the  aim  of  producing  and  offer- 
ing America's  railroads  the  best  material  and  equipment 
for  the  specific  job.  Any  of  the  plants  -k  (all  have  sales 
offices)  or  sales  offices  •  nearest  you.  shown  in  the  map 
above,  are  ready  to  serve  and  help  you  with  any  of  your 
trackwork  problems. 


Brake  Shoe 


RACOR 


RAILROAD  PRODUCTS  DIVISION 

230  Park  Avenue,  New  York  17,  New  York 


the  world's  largest 
selling  rail  anchor 


in  mi 

IMPROVED 
FAIR 

RAIL  ANCHOR 


876RS 


POWER' 

DESIGN  MEANS 

*  Longer  service  life 
/    •  Greater  holding  power 
y  Faster,  easier  installation 


±HIP.£M.22: 

Division  of  Poor  and  Company 
CHICAGO.  NEW  YORK,  DENVER,  ST.  LOUIS.  BOSTON,  ST.  PAUL. WASHINGTON,  SAN  FRANCISCO.  MEXICO  CITY 


/ 


weeds... 


Concentrated  BORASCU 
POLYBOR-CHLORATE 
UREABOR® 
MONOBOR-CHLORATE 


These  borate  weed  killers  are  proving  best 
for  roads  in  every  way . . .  efficiency,  safety, 
economy,  convenience,  easy  application. 

Today's  use  of  borates  for  maximum  control  of 
vegetation  began  years  ago  with  our  pioneer 
work  in  the  field.  Continued  research  has 
developed  the  group  of  herbicides,  listed  above, 
which  most  roads  now  favor  for  every  phase  of 
weed  control.  These  four  weed  killers  are 
nonselective.  They  are  widely  used  for  year- 
round  maintenance  of  weed-free  conditions 
about  trestles,  tie  piles,  yards,  signals,  switches, 
and  rights  of  way.  Find  out  how  you,  too,  can 
do  a  better  job  on  weeds . . .  write  today . 


AGRICULTURAL  SALES  DEPARTMENT 


United  States  Borax  &  Chemical  Corporation 


630    SHATTC     PLACE     •     LOS    ANGELES    5.    CALIFORNIA 


4$  © 

Hubbard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 

Hubbard  Tool  Division 

UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 

Wj      Unit  Rail  Anchor       vt^ 

UNIT  RAIL  ANCHOR  DIVISION 

UNIT  RAIL  ANCHOR  CORPORATION 
NEW  YORK  PITTSBURGH  CHICAGO 


RAIL  JOINTS 

STANDARD 

COMPROMISE 

INSULATED 


*  *  *  *  * 


FIBRE  RENEWAL  PARTS 

*  *  * 

Rail  Joint  Company 

Division  of  Poor  &   Company,   (Inc.) 
New  York  7,  N.  Y. 


DO  YOU  HAVE 
itpoTfolMm  DATA 


PULLMAN-STANDARD 
□  PS-Power  Ballaster  D  PS-Power  Tie  Spacer 


PS-Power  Cribber 

■  PS-Electronic  Track  Raiser 

■  PS-Rail  Handler 

,  ■  PS-Power  Tool  Carriage 
PS-Power  Cleaner  and  Winch  Car 


ASK  YOUR  P-S  REPRESENTATIVE 

TRACK  EQUIPMENT  DEPARTMENT 

PULLMAN-STANDARD 

A   DIVISION   OF   PULLMAN  INCORPORATED 

200  SOUTH  MICHIGAN  AVE..  CHICAGO  4,  ILLINOIS 

BIRMINGHAM.    PITTSBURGH.   NEW  YORK 

IN  CANADA:  THE  HOLDEN  COMPANY  LTD. 

MONCTON.  MONTREAL,  TORONTO.  WINNIPEG.  VANCOUVER 


HIlPOWER 


A  COMPLETE  LINE 
OF  SPRING  WASHERS 


rHE  NATIONAL  LOCK  WASHER  CO. 

Newark  N.  J..  U.  S.  A. 


Notes  on 

Railroad  Location  and  Construction  Procedures 
from  the  School  of  Experience 


By  J.  A.  Given 


A  series  of  notes,  comments,  short-cut  methods  and  "tricks  of  the 
trade"  written  by  a  railroad  location  engineer  of  many  years  of 
practical   experience  for  the   benefit  of  young   engineers. 

Price  $0.50 

AMERICAN  RAILWAY  ENGINEERING  ASSOCIATION 

59  East  Van  Buren  Street 
Chicago  5,  III. 


VEGETATION  CONTROL 

CHEMICALS 


READE  MANUFACTURING  COMPANY,  INC. 

Jersey  City — Chicago — Minneapolis — Kansas 
City — Birmingham — Stockton 

SERVING  RAILROADS  OF  AMERICA  FOR 
MORE  THAN   FORTY  YEARS 
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£-x-t-e-n-d    I-i-e  JI-i-A-e! 

USE  TIE  PLATE 
LOCK  SPIKES 


One-piece  Design 

LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
cross-ties  and  bridge  timbers. 

LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  with  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 

BERNUTH,  LEMBCKE   CO.,  INC. 

420  Lexington  Avenue,  New  York  17,  N.  Y. 


Actual 
Size 


Why  You  Need  an  Automatic  Yard 


Stead}  advances  b>  GRShavenovi  made 
it  possible  t<>  classify  freighl  cars  auto- 
matically. ( i I\ S  yard  automation  \\  ill  help 

you  cut  expenses  and  improve  your 
business. 

Faster  Classification.  ( '.ars  arc  classified 

and  on  their  way  hours  sooner,  at  less  cost 
per  car,  and  with  fewer  men.  Your  cus- 
tomers get  ltetter  service.  You  improve 
your  competitive  position. 

More  Car  Availability.  Instead  of  ears 
clogging  the  main,  or  lingering  in  small, 


outmoded  yards  waiting  for  classifica- 
tion— they  keep  moving  in  revenue-pro- 

ducing  trains.  You  increase  the  use  of 
your  present  cars,  produce  more  income 

from  your  ear  fleet,  without  adding  can 

Investment  Pays  For  Itself.  \  (iH1- 
automatic  yard  pays  for  itself  in  a  fe* 
years  through  lower  operating  costs  then 
continues  to  produce  the  Bame  benefits 
year  after  year.  Financing  is  do*  avail- 
able  through  The  Transportation  \ct  of 

1958     the  time  to  ad  is  now  ! 


General  Railway  Signal  Company 

ROCHESTER  2,  NEW  YORK 


NEW  YORK    17,   NEW  YORK 


CHICAGO   1,   ILLINOIS 


ST.  LOUIS   1,  MISSOURI 


RESTORE 

WORN  RAIL  JOINTS 

IN-TRACK 

with  new 

6  Hole  Rail  Drill 

and 

Hi-speed  Rail  Cutter 


Working  in  tandem,  the  NCG  6  hole  Rail  Drill  straddles  a  worn-out 
rail  joint  and  simultaneously  bores  six  accurately  spaced  bolt  holes. 
Then  the  NCG  Hi-speed  Rail  Cutter  crops  out  worn  section  with 
two  cuts  of  60  seconds  each. 

Modernize  your  track  maintenance  procedures  now.  Write  today 
for  complete  information . . .  your  inquiry  will  receive  prompt  attention. 

NCG  is  the  leader  in  the  manufacture  of  electronic 
flash  butt  rail  welding  equipment  for  sale  or  lease. 


nGg 


NATIONAL    CYLINDER    GAS 

DIVISION     OF     CHEMETRON     CORPORATION 

RAILROAD     EQUIPMENT     DEPARTMENT 

840  N.  Michigan  Avenue  •  Chicago  11,  Illinois 


/  Gf£KATETRpi^~J 


©  1960,  CHEMETRON  CORPORATION 
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^P    JACKSON    TRACK    MAINTAINER 

The  superiority  of  this  machine  over  all 
others  in  its  category  is  so  obvious  to  all 
who  make  a  thorough  comparison  that 
once  you  do  so,  we  are  confident  you 
will  buy  no  other.  Write,  wire  or  phone 
for  complete  details  or  nearest  location 
where  you  can  see    it  in  action. 

^J   JACKSON  JACK-SPOT 

...  an  exceptionally  advantageous, 
triple-purpose  machine.  It's  TOPS  FOR 
JACK  TAMPING,  PERFECT  FOR  SPOT- 
TING and  SMOOTHING,  AN  EXCEL- 
LENT PRODUCTION  TAMPER  for  moderate 
to  high  raises.  ENTIRELY  PUSH-BUTTON 
CONTROLLED  and  OUTSTANDINGLY 
SAFE.   Let  us  supply  complete  details. 

^J   JACKSON   MONORAIL 

A  complete  tamping  machine  ideal  for 
spotting  and  smoothing,  secondary  pro- 
grams and  all  yard  track  maintenance. 
Utilizes  powerful  "MAINTAINER"  tamp- 
ing units.  Traveling,  indexing  and  work- 
head  are  all  hydraulically  controlled. 
Excellent  for  those  secondary  programs 
which  do  not  justify  the  investment  in  a 
dual  track  tamping  machine.  It  will  pay 
you  to  get  the  facts. 


JACKSON 

THE  NAME  THAT  HAS 
CONSISTENTLY  TYPIFIED 
THE  BEST  IN  TAMPING 
EQUIPMENT  FOR  MORE 
THAN  40  YEARS 

Let  us  help  you  to  the  best  solu- 
tion of  your  tamping  problems. 
We  offer  attractive  acquirement 
plans. 


JACKSON    VIBRATORS,   INC. 


R05A 


LUDINGTON,     MICHIGAN 


Kershaw  Trackwork  Machines 


( 


Designed,  Tested,  and  Proven 
on  America's  Railroads 


Kershaw 


MOMTGOMERY 


ALABAMA 


Trackwork  Equipment  Developed  and  Proven  On  the  Job 

Heavy  Duty  Ballast  Regulator,  Scarifier  and  Plow,  Standard  Ballast  Regulator,  Scarifier 
and  Plow,  Track  Broom,  Super  Jack-All,  Standard  Jack-All  Kershaw  Kribber,  Two- 
Wheel  Kribber,  Tie  Bed  Cleaner,  Track  Undercutter-Skeletonizer,  Ballast  Cleaner, 
Multiple  (Spot)  Tamper,  Foreman's  Sight  Car,  Crib-Adze,  Rail  Re-Layer,  Mocar 
Crane,  Track  Crane  and  Tie  Inserter,  Utility  Derrick,  Two-Ton  Rail  Derrick,  Chemical 
Spreader  Car,  Tie  Replacer,  and  Universal  Side  Set-Off  Assembly. 


at 

your 

service 


for 

all    types   of   cranes 

diesel   wreckers 

pile   drivers 

buckets 


ORTON 


CRANE    &    SHOVEL    CO. 

608       S.       DEARBORN      ST. 
CHICAGO       5,       ILLINOIS 


PHILO  A.  ORTON 

President 
Representative*  in   Principal   Cities 


Model  N  U  Tie  Cutter 


HERE  IS  THE  WINNING  TEAM 

The  Woolery  NU  Tie  Cutter  and  the  Woolery  Tie-end  Remover  preserve  the  line  and  surface 
of  the  track  and  at  the  same  time  reduce  the  cost  of  tie  renewals.  Ties  can  be  removed 
without  trenching,  jacking  up  track  or  adzing  tops  of  rail-cut  ties.  With  this  team  you  simply 
cut  both  ends  of  tie,  pry  out  center  piece,  insert  in  its  place  the  tie-end  remover  and  out 
go  the  tie  ends  pushed  by  the  double  acting,  double  ended  hydraulic  cylinder  of  the  Tie- 
end  remover. 


FOR  HIGHEST  EFFICIENCY  USE  TWO  TIE  CUTTERS  WITH  ONE  TIE-END  REMOVER 


WOOLERY  MACHINE  COMPANY 

MINNEAPOLIS,  MINN. 


I 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

DOES  ALL  JOBS 


LAYING  STANDARD  RAIL 


LAYING  WELDED  RAIL 


CUTS     MAINTENANCE     COS 


12  FAST  CHANGE  ATTACHMENTS 


•  Forks 

•  V/4  Co.  Yd.   Bucket 

•  Tote  Hook 

•  18'   Boom   Extension 

•  Fork  Tie  Baler 

•  Track  Cleaning   Bucket 


•  Back   Hoe 

•  Clamshell 

•  Back   Filler   Blade 

•  Pull   Drag   Bucket 

•  4  Cu.   Yd.   Snow   Bucke 

•  Pile  Hammer 


Optional   Attachment 
Flanged   Wheels,   Hydraulically   Controlled 


- 


PETTIBONE  MULLIKEN  CORPORATI 


• 


t    *< 


9'  WIDE   TRACK   CLEANING  BUCKET 


RAILROAD   ,-jJH,,.    DIVISION 

141    W     JACKSON*^^!*^  CHICAGO  4     III 

80   Years  of  Service 
to  the  Railroad   industry 


Kill  more  weeds  per  mile... per  dollar 
,,:„  Liquid  UROX! 

Liquid  Urox  Weed  Killer  is  the  first  liquid  —  substituted 
urea-type  herbicide  ever  developed  for  railroads.  It's  fast- 
acting  .  . .  withers  annual  and  perennial  grasses  as  well  as 
broadleaved  weeds  within  12  hours  after  application,  re- 
gardless of  weather.  It's  long-lasting  .  .  .  just  one  applica- 
tion wipes  out  weeds  and  brush  for  8  to  18  months.  What's 
more,  control  can  be  continued  economically  each  year 
with  small  "booster"  doses. 

Liquid  Urox  is  ideal  for  railroad  spray  trains  . . .  doesn't 
need  continuous  agitation  .  .  .  won't  clog  spray  nozzles  .  .  . 
won't  settle  out . . .  can  be  mixed  with  fuel  oil,  diesel  oil  or 
ordinary  weed  oils.  Write  today  for  the  complete  story  on 
railroad-proved  liquid  Urox  Weed  Killer. 


H 


GENERAL   CHEMICAL    DIVISION 

40  Rector  Street,  New  York  6,  N.  V. 


THE  TRASCO 
AUTONOMIC  CAR  RETARDER 

CLAMPS  IN  PLACE 
ANYWHERE  IN  TRACK 

SIMPLE  —  EFFECTIVE  —  INEXPENSIVE 


TRACK  SPECIALTIES  CO 

GENERAL   MOTORS    BLDG. 
NEW  YORK   19,  N.  Y. 


ncKOCKi  u.  IKbLANU 

207  Talbot  Laboratory 

Urbana,  Illinois 
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REPORTS  OF  COMMITTEES 

A — Rail 585 

5— Track 641 

1  — Roadway  and  Ballast 675 

Continuous  Welded  Rail 715 


The  reports  in  this  issue  of  the  Bulletin  will  be  presented  to  the  1961  con- 
vention of  the  Association  at  McCormick  Place,  Chicago,  March  7-9.  Comments 
and  discussion  with  respect  to  any  of  the  reports  are  solicited,  and  should  be 
addressed  to  the  chairman  of  the  committee  involved,  in  writing  in  advance 
of  the  convention,  or  from  the  floor  of  the  convention.  Members  especially  inter- 
ested in  one  or  more  of  the  reports  presented  in  this  issue  will  find  the  convention 
presentation  of  these  reports  more  interesting  and  helpful  if  they  will  bring  this 
copy  of  the  Bulletin  with  them  to  the  convention. 

Copyright    1961,    by    American    Railway    Engineering    Association 
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AMERICAN  RAILWAY 
ENGINEERING  ASSOCIATION 


Gentlemen: 

Cordial  greetings  and  sincere  best  wishes  for  your  1961  Convention. 
We  are  indeed  pleased  that  the  new,  modern  lake-front  exhibition 
center,  McCormick  Place  will  not  only  house  your  Committees  and 
General  Convention  sessions,  but  our  huge  exhibit  of  time  and 
labor  saving  maintenance  equipment,  a  great  deal  of  which  has 
never  been  shown  before,  as  well  as  improved  and  new  materials 
plus  innovations  in  maintenance  practices  and  methods. 

This  will  be  the  largest  and  most  comprehensive  show  of  its  kind 
ever  held.  It  will  open  March  6,  and  continue  throughout  your 
complete  Convention  period. 

We  have  arranged  for  frequent  free  bus  service  direct  to  and  from 
the  Hilton  Hotel  to  your  Convention  and  Exhibit  headquarters  in 
McCormick  Place. 

It  will  be  a  pleasure  to  have  you  visit  us  on  the  exhibit  floor  as 
your  time  permits. 

KENNETH  CAVINS 
President 


National  Railway  Appliances 
Association 

Room  375,  Merchandise  Mart 
Chicago  54,   Illinois 
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To  The  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report,  including  recommendations  submitted  for  adoption   page   ;^' 

2.  Collaborate  with  AISI   technical  committee  on   rail  and  joint   bars  in   re- 
search and  other  matters  of  mutual  interest. 

Progress   report,    including   as   Appendix    2-a,    Report    on    Investigate  a    of 

Failures   in   Control-Cooled   Rails    page  593 

3.  Rail   failure   statistics,   covering    (a)    all    failures;    (I))    transverse    fissures; 
(c)    performance  of  control-cooled  rail. 

Progress  report,  including  statistics  on  rail  failures  reported  up  to   De  em 

ber  31,  1958  (on  net  ton  basis)    page  598 

4.  Rail  end  batter;  causes  and  remedies. 

No  report.  Investigation  on  the  welding  of  battered  rail  ends  using  different 
welding  procedures,  together  with  the  evaluation  of  welding  rods  and  elei 
trodes,  is  being  continued. 

5.  Economic  value  of  various  sizes  of  rail. 

Progress  report,  presented  as  information   page  614 

6.  Service  tests  of  various  types  of  joint  bars. 

Progress  report,  presented  as  information   page  61 ; 

585 
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7.  Joinl   bar  wear  and  failures;   revision  of  design  and  specification  for  new 

liars,   including   insulated    joints,  and   bars  for  maintenance   repairs. 

No  report.  The  subject  matter  under  this  assignment  will  be  combined 
with  Assignment  6  in  1061. 

8.  Causes   of   shelly   spots   and   head   checks  in   rail:    methods   for   their   pre- 
vention. 

Progress  report,  presented  as  information   page  622 

Appendix  8-a— Report  on  Service  Tests  of  Heat-Treated  and  Alloy   Steel 

Rails     page  622 

Appendix  S-b— Report  on  Shelly  Rail  Studies  at  University  of  Illinois page  630 

°.  Standardization  of  rail  sections. 

No  report.  Under  Assignment  1  the  committee  recommends  the  adoption 
of  a  statement  for  publication  in  the  Manual  that  railroads  limit  their 
purchases  of  new  rail  to  nine  sections. 

10.  Service  performance  and  economics  of   78-ft  rail,  collaborating  with  com- 
mittee S ;  specification  for  78-ft  rail. 

Progress  report,  presented  as  information   page  635 

11.  Rail  damage   resulting  from  engine  burns;   prevalence;   means  of  preven- 
tion; repair  by  welding. 

Progress  report,  presented  as  information    page  638 

The  Committee  on  Rail, 

L.  S.  Crane,  Chairman. 


AREA  Bulletin  563,  February  1961. 


Report  on  Assignment   1 

Revision  of  Manual 

W.  J.  Cruse  (chairman,  subcommittee),  H.  B.  Berkshire,  F.  VV.  Biltz,  L.  S.  Crane,  V.  E. 
Hall,  C.  C.  Herrick,  W.  H.  Hobbs,  Ray  McBrian,  G.  L.  P.  Plow,  R.  B.  Rhode, 
J.  S.  VVearn,  H.  F.  Whitmore. 

Your  committee  submits  the  following  recommendations  with  respect  to  the  Glossary 
and  Chapter  4  of  the  Manual: 

GLOSSARY 

Add  the  following  definition: 

Fishtail. — A  condition  similar  in  appearance  to  pipe,  caused  by  elongation  variations 
in  the  ingot  cross  section  as  it  is  rolled  into  rails.  The  condition  is  normally  re- 
moved in  the  discard  or  crop  end. 
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Pages  4-1-16  to  4-1-19,  incl. 

DESIGN  FOR  TRACK  BOLTS  AND  NUTS 

Reapprove  with  the  following  revisions: 

On  page  4-1-19  add  drawing  of  25-deg  chamfer  nut  to  Fig.  3  and  revise  Note  (b) 
in  Table  3  to  read  as  follows: 

"(b)  60  deg  chamfer  is  optional  when  specified.  (Dimensions  tot  medium  carbon 
nut  are  same  as  American  Standard  Heavy  Nut,  ASA  B-18.2  for  sizes  shown.)" 

Add  Note   (c)   to  Table  3,  as  follows: 

"(c)  This  dimension  not  specified  on  ASA  Standard  B-18.2,  which  specifies  diametei 
of  top  circle  instead." 

(Revised  Fig.  3  and  Table  3  presented  on  page  588). 

Pages  4-2-7  and  4-2-8 

SPECIFICATIONS   FOR   DROP   TEST    MACHINE 
Reapprove  without  change. 

Pages  4-2-19  to  4-2-21,  incl. 

SPECIFICATIONS  FOR  SPRING  WASHERS 
Reapprove  without  change. 

Page  4-3-2 

Form  401-A.  Report  of  Chemical  and  Physical  Examination  of  Rails 
Reapprove  without  change. 

Pages  4-3-3  and  4-3-4 

Form  401-B.  Certificate  of  Inspection 
Reapprove  without  change. 

Page  4-3-5 

Form  401-C.   Report  of  Shipment 

Reapprove  without  change. 

Page  4-3-6 

Form  401-D.   Record  of   Control-Cooled   Rails 

Reapprove  without  change. 

Page  4-3-12.1 

Form  402-M.  Annual  Report  of  Web  Failures  Within  Joint  Bar  Limits 
in   Rail  of   100  Lb  and  all  Heavier  Sections 

Add  at  the  bottom  of  the  form  a  "Total"  line  and  a  "Recap  "  box  as  shown  on 
revised  Form  402-M   presented  on  page  589. 
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ANNUAL  REPOR1  OF  KAIL  FAILURES  IN  THE  WEB  WITHIN 
JOINT  BAR  LIMITS  IN  HAIL  OF  LOO  LB.  AND  ALL  HEAVIER  SECTIONS 
(  For  the  year  ending  December  31,  l'j     ) 


RAILROAD 


Rail 
Section 


Rail  Rolled  Previous  to  1!)37 


Rail  Rolled  in  1937  and  afti 


Detected  Failures 


Bolt  Hole 


Service   Failures 


Detected  Failures 


Bolt  Hole     Other 


Bolt   Hole 


Other 


V'i  >  ice  I  ailures 


Bolt   Hole     I  )l her 


Total 


Number  ol  joints  inspected  during  the  year  by  defect  detecting  instruments  or  equipment , 

including  the  supersonic  type 


Recap: 

Service 

Detected 

Total 

Boll  Hole 

Other 

Total 
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Page  4-3-13 

Form  402-D.   Statement  of  Rails  in   Main  Tracks 
Reapprovc  without  change. 

Page  4-M-l 

APPLICATION  OF  RAIL  BONDS 

Reapprovc  without  change. 

Page  4-M-l 

GENERAL  REQUIREMENTS   OF   A   RAIL   JOINT 

Reapprove  with  the  following  revision: 

Change  Par.  3  to  read: 

"3.  It  should  prevent  vertical  or  lateral  movement  of  the  ends  of  the  rail  relative 
to  each  other,  and  unless  otherwise  specified,  it  should  permit  longitudinal  movement 
necessary   for  expansion  and  contraction." 

(Reason:   This  change  is  to  provide  for  the  use  of  frozen  joints  if  desired). 

Pages  4-M-2  to  4-M-7,  incl. 

MEASUREMENTS  OF  PROFILES  AND  BATTER  OF  RAIL 

Delete. 

Page  4-M-7 

END  HARDENING  OF  RAILS  AT  MILLS 

Reapprove  with  the  following  editorial  revision: 

Change  the  word  "effected"  to  "effective"  in  the  second  sentence  of  the  fifth 
paragraph. 

Page  4-M-8 

BEVELING  OR  SLOTTING  OF  RAIL  ENDS 

Reapprove  without  change. 

Page  4-M-8 

RECONDITIONING  RAIL  ENDS 

Reapprove  without  change. 

Pages  4-M-9  and  4-M-10 

MILL   PRACTICE   FOR   RAILS   FOR    BUTT   WELDING 

Revise  to  read  as  follows,  adding  the  accompanying  tabular  form  which  shows  in- 
formation necessary  on  orders  and  inquiries  for  rails  for  butt  welding. 

"The  following  recommended  practices  will  serve  as  a  guide  for  ordering  rails  for 
butt  welding  and  may  be  used  as  a  supplement  to  Specifications  for  Open-Hearth  Steel 
Rails,  Part  2,   this   Chapter. 
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INFORMATION  NECESSARY  ON  ORDERS  &  INQUIRIES  FOR 
HAILS  FOR  BUTT  WELDING 


Order 

Date 

Purchaser 

Rail  Section 

Inquiry 
Date 


Drilled  Ends  Hardened  and  Chamfered 
Total  Quantity  of  Rails  Required 


Inspection  Agency  

Nominal  Rail  Length 
Yes  No 


+  Rails  or  Tons 


Total  Quantity  of  Rails  Required  for  Welding 


-  Rails  or  Tons 

+    These  figures  will  be  the  same  if  all  lengths  and  classifications  of  rails  are  to  be  welded. 
Show  either  number  of  rails  or  tons. 


Minimum  Quantity 

Blank  (Undrilled) 

Drilled  Right-Hand 

Drilled  Left-Hand 

Drilled  Both  Ends 

++      Show  either  number  of  rails  or  tons 

PREFERENCE  FOR  APPLICATION  OF  THE  VARIOUS  CLASSIFICATIONS  OF  RAILS  TO  THE  ABOVE 
REQUIREMENTS.     For  each  classification  there  shall  be  a  yes  or  no  check  for  blank,   right-hand, 
left-hand,  or  drilled  both  end  categories. 


Rails                Tons 

CLASSIFICATION 

BLANK  RAILS 

DRILLED  RAIL'-' 

Yes 

No 

Right  Hand 

Left  Ha.id 

Both  Ends 

Yes 

No 

Yes 

No 

Yes 

No 

A 

X-Rayl 

A -Short 

No.  1  Short 

No.  2  Short 

No.  1 

No.  2 

REMARKS  -   (Details  Oilier  Than  (over.-. I  Above) 


DESTINATION  KAILS  FOR  BUT]   WELDING 


DESTINATION  RAILS  DRILLED  I«  >'l  II  I  NDS 
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1.  General 

Except  for  the  provisions  herein  set  forth,  all  rails  for  butt  welding  purposes  will 
be  processed  in  accordance  with  the  latest  AREA  rail  specifications,  and  will  be  fur- 
nished in  standard  39-ft  lengths,  control  cooled,  unless  otherwise  specified  by  purchaser. 

2.  Purchaser's  Order 

a.  The  purchaser's  order  shall  specify  tonnage  rather  than  the  numerical  quantity 
of  rails. 

b.  The  purchaser's  order  shall  specify,  in  tons,  the  amount  of  right-hand  drilling, 
left-hand  drilling,  and  blank  rails  desired.  Right-hand  or  left-hand  end  of  rail  is  deter- 
mined by  facing  the  side  of  the  rail  on  which  the  brand  is  stamped. 

3.  Practices 

The  standard  mill  practice  for  certain  production  operations  for  rails  for  butt 
welding  follows: 

A.  Drilling 

a.  One-end  drilling  should  be  specified  as  right-  or  left-hand  drilling.  The  right-  or 
left-hand  end  of  the  rail  is  determined  by  facing  the  side  of  the  rail  on  which 
the  brand  appears. 

b.  When  right-  and  left-hand  drilling  is  specified,  at  least  the  minimum  quantity 
of  each  indicated  by  the  purchaser  will  be  supplied.  The  excess  of  any  one 
end  drilling  will  be  applied  against  the  order. 

c.  When  specified,  blank  rails   (rails  with  both  ends  undrilled)   will  be  furnished. 

d.  Since  it  is  more  difficult  to  produce  a  sound  weld  in  "A"  rails  and  "X"-Rayls", 
they  will  be  drilled  on  both  ends  unless  otherwise  specified. 

e.  Unless  otherwise  specified,  No.  2  and  short  rails  will  not  be  drilled. 

B.  Rail  End  Finishing 

a.  All  rails  whether  hot  sawed,  milled  or  ground  to  length,  will  be  furnished  with 
end  squareness  in  accordance  with  the  latest  AREA  rail  specifications. 

b.  When  end  hardening  is  specified,  right-  or  left-hand  rails  will  be  end  hardened 
and  chamfered  on  the  drillled  end  only  and  will  be  hot  stamped  ''CH".  Blank 
rails  will  not  be  end  hardened  or  chamfered  but  may  also  be  hot  stamped 
"CH". 

C.  Classification  Markings 

a.  No  rails  furnished  for  butt  welding  will  carry  any  classification  stamping  or 
painting  on  the  undrilled  end  faces.  Blank  rails  will  carry  the  classification 
paint  marking  on  the  top  of  the  head,  on  one  end  only,  at  least  3  ft  from 
the  end. 

D.  Loading 

a.  Insofar  as  practicable,  all  rails  shipped  for  butt  welding  will  be  loaded  sepa- 
rately from  rails  supplied  for  bolted  track." 


Your   committee   recommends   that   the   following   statement   be   adopted   and   pub- 
lished in   the  Manual  in  Miscellaneous  Part,  Chapter  4: 
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PURCHASES   OF   NEW    RAIL 

It  is  recommended  that  railroads  restrict  their  purchases  of  new  rail  to  the  following 
sections: 

90  RA-A  140  RE 

100  RE  106  CF&T 

115  RE  119  CF&I 

132  RE  136  CF&I 

133  RE 


Report  on  Assignment  2 

Collaborate  with  AISI   Technical   Committee  on   Rail  and  Joint 
Bars  in  Research  and  Other  Matters  of  Mutual  Interest 

L.  S.  Crane  (chairman,  subcommittee),  G.  V.  Beganv,  Jr.,  J.  A.  Bunjer,  C.  J.  Code, 
C.  A.  Colpitts,  \Y.  J.  Cruse,  D.  T.  Faries,  VV.  H.  Hobbs,  T.  B.  Hutcheson,  J.  C. 
Jacobs,  W.  M.  Jaekle,  K.  K.  Kessler,  Ray  McBrian,  B.  R.  Meyers,  Embert  Osland. 

This  committee  sponsors  two  research  projects  at  the  University  of  Illinois,  both 
of  which  are  under  the  direction  of  Professor  R.  E.  Cramer.  The  report  on  the  first 
project,  entitled  "Investigation  of  Failures  in  Control-Cooled  Rails",  is  presented 
below  as  Appendix  2-a. 

The  report  on  the  second  project,  entitled  "Shelly  Rail  Studies  at  the  Uni- 
versity of  Illinois",  is  presented  as  Appendix  8-b  under  Assignment  S. 


Appendix  2-a 

Investigation  of  Failures  in  Control-Cooled  Rails 

By  R.  E.  Cramer 

Research    Associate    Professor    of    Engineering    Materials,    University    of    Illinois 

Organization  and  Acknowledgment 

This  investigation  is  financed  equally  by  the  Association  of  American  Railroads 
and  the  American  Iron  and  Steel  Institute. 

Student  assistant  Jerry  Crum  has  worked  on  this  investigation  on  a  part-time  basis. 

Control-Cooled  Rails  Which  Failed  in  Service 

Since  our  last  report  of  October  1,  1959,  reports  have  been  prepared  on  32  control- 
cooled  rails  sent  to  this  laboratory  as  failed  rails.  These  reports  are  sent  to  the  railroad 
engineers  supplying  the  failed  rails,  and  copies  go  to  the  rail  manufacturer  and  the 
director  of  engineering  rsearch,  AAR,  for  the  Association's  rail  failure  statistics. 

Table  1  gives  a  summary  of  the  32   failures  and  Table  2  lists  each  rail  separately. 

Transverse  Fissure  from  Shatter  Crack 

Three  transverse  fissures  from  shatter  crack  were  found.  These  were  in  rail 
rolled  at  the  Algoma  Mill  before  its  containers  were  supplied  with  tight-fitting  lids  lab 
in   1950. 
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Table  1 
SUMMARY  OF  FAILED  CONTROL  COOLED  RAILS 


Transverse  Fissure  from  Shatter  Crack 3 

Transverse  Fissure  from  Hot  Torn  Steel 3 

Detail  Fractures  from  Shelling 8 

Shelling  on  Continuous  Welded  Rail. 3 

Shelling  on  Induction  Hardened  Rail 2 

Fracture  from  Welded  Engine  Burn 2 

Web  Crack  at  Rail  End 3 

Web  Crack  at  Bolt  Hole. 1 

H.  S.   H.  from  Fishtail. 1 

V    S.   H.   in  "A"  Rail. 2 

Spalled  End  of  Chrome-V     Rail i 

Base  Break  at  Seam .    , 1 

Head  and  Web  Separation 2 

Total        32 

Transverse   Fissure   from   Hot  Torn   Steel 

There  were  three  transverse  fissures  from  hot  torn  steel  in  rails  from  two  dif- 
ferent mills.  All  were  rolled  in  1944.  Two  of  these  rails  from  the  Lackawanna  Mill  were 
the  B  and  C  rails  from  the  same  ingot. 

Detail  Fractures  from  Shelling 

Most  of  the  eight  detail  fractures  from  shelling  were  sent  in  for  examination  to 
determine  if  there  were  any  unusual  conditions  of  the  steel  to  explain  the 
development  of  the  shelling  failure.  Of  the  eight  rails  examined  only  one  was  found 
to  contain  large  non-metallic  inclusions.  Fig.  1  shows  what  was  found  in  this  rail. 
Sections  b  and  c  are  deep  etched  in  acid.  Section  c  is  a  longitudinal  slice  from  the  rail 
head  cut  on  a  diagonal  from  the  top  to  the  bottom  of  the  rail  head.  It  shows  dark 
spots  which  indicate  the  presence  of  non-metallic  inclusions.  Part  c  is  an  inclusion  pho- 
tographed on   the  microscope  at  about   70X  magnification. 

Horizontal  Splithead  from  Fishtail 

Rail  1023  was  in  service  about  five  years  before  it  developed  a  large  horizontal 
split  head.  The  etched  cross  section  shown  in  Fig.  2  reveals  a  large  area  of  decar- 
burized  metal  in  the  rail  head.  This  was  an  "E"  rail  or  bottom  rail  of  the  ingot,  so  the 
defect  is  from  a  fishtail  not  being  cropped  from  the  rail  end. 

Head  and  Web  Separation  Failures  in  100-Lb  Rail 

Rails  Nos.  1046  and  1047  were  sent  to  the  University  laboratory  as  typical  ex- 
amples of  569  similar  failures  discovered  in  one  stretch  of  47  miles  of  track  of  the 
Canadian  National  Railways.  These  rails  were  rolled  in  1941,  1942  and  1943,  but  the 
head  sections  were  worn  very  little. 
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Rail 


Fig.   1 — Rail   1024,  detail   fracture   from  shelling. 

a.  Fracture  as  received. 

b.  Cross  section  etched  in  acid. 

c.  Longitudinal  diagonal  section  of  rail  head  etched  in  acid. 

d.  Inclusion   photographed   at   about   70X   magnification. 


Fig.  3  shows  a  typical  type  of  fatigue  crack  at  the  junction  of  the  head  and  web. 
If  the  crack  is  examined  with  a  magnifying  glass,  it  is  found  to  be  jagged  and  not 
straight  or  even  continuous.  These  are  typical  of  the  many  failures  found  in  112-  and 
131-lb  rails  which  were  usually  called  head  and  web  separation  cracks,  but  this  term 
was  never  adopted  as  an  AREA  definition  of  this  particular  type  of  failure.  This  type 
of  failure  was  prevented  by  a  redesign  of  the  rail  to  add  considerable  metal  at  the 
head  and  web  fillet  in  the  new  115-  and  132-lb  sections.  It  is  obvious  from  the  experi- 
ence of  the  Canadian  National  Railways  that  if  any  new  100-lb  rails  are  to  be  pur- 
chased that  more  metal  and  a  larger  radius  should  be  included  between  the  rail  web 
and  head. 
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Fig.  2 — Rail  1023  developed  a  horizontal  split 
head.  This  cross  section  reveals  both  horizontal 
and  vertical  cracks  from  a  fishtail. 


Fig.  3 — Head  and  web  separation  failure  in  100-lb  rail  section.  Note 
fatigue  crack  above  small  hole.  This  rail  represents  569  similar  failures  in 
47  miles  of  track. 


Summary 

1.  Tabic  l  gives  a  summary  of  the  failures  in  32  failed  control  cooled  rails. 

2.  Figs.  1   to  3  -liou   photographs  of  failures  due  to  detail  fracture  from  shelling, 
horizontal  split  head  from  fishtail  and  head  and  wtb  separation  failure. 
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Report  on  Assignment   3 

Rail  Failure  Statistics,  Covering  (a)  all  Failures;   (b)  Transverse 
Fissures;    (c)   Performance  of   Control-Cooled   Rail 

C.  J.   Code    (chairman,  subcommittee),  S.  H.   Barlow,  G.  V.  Begany,  Jr.,  F.  W.  Biltz. 

B.  Bristow,  C.  A.  Conatser,  L.  S.  Crane,  W.  J.  Cruse,  W.  H.  Hobbs,  R.  F.  Lawson, 

C.  E.  Morgan,  Embert  Osland,   C.  F.  Parvin,  G.  L.  P.  Plow,  J.  G.  Roney,  H.  F. 
Smith,  H.  F.  Whitmore. 

These  statistics  are  based  on  the  rail  failures  reported  to  December  31,  1959,  and 
are  submitted  as  information.  They  include  the  service  and  detected  failures  re- 
ported by  59  railroads  on  all  of  their  main-track  mileage,  which  constitutes  the  major 
part  of  the  main  track  in  the  United  States  and  Canada.  This  report  was  prepared  by 
Kurt  Kannowski,  metallurgical  engineer  of  the  Association  of  American  Railroads,  Re- 
search Center  staff,  under  the  general  direction  of  G.  M.  Magee,  director  of  engi- 
neering research. 

The  accompanying  tables  and  diagrams  indicate  the  extent  of  control  of  the  trans- 
verse fissure  problem  that  has  been  obtained  by  the  use  of  control-cooled  rail  and 
detector  car  testing,  give  data  on  the  quality  of  each  year's  rollings  for  the  various 
mills,  and  show  the  types  of  failures  that  are  occurring  on  the  various  railroads  as 
related  to  the  mill  producing  the  rail. 

Transverse  Fissure  Failures 

Data  on  service  transverse  fissure  failures  and  detected  transverse  defects  are 
given  in  Table  1  and  Fig.  1.  Table  1  shows  this  information  for  individual  roads  for 
the  ten-year  period,  1950-1959,  inch  Comparing  the  failures  in  1959  with  those  in  1958 
it  will  be  noted  that  the  overall  performance  for  1959  was  most  satisfactory,  with  a 
reduction  in  service  failures  from  600  (1958)  to  493  (which  should  be  discounted  by 
perhaps  25  because  of  the  fact  the  NYC  Western  District  did  not  report)  and  a  reduc- 
tion in  detected  failures  from  23,848  (1958)   to  20,303. 

The  complete  story  on  service  and  detected  failures  is  given  in  Fig.  1.  The  signifi- 
cance of  this  figure  was  explained  in  detail  in  the  report  last  year  and  will  not  again 
be  repeated.  It  will  be  recalled  that  lines  "C"  and  "D"  were  discontinued  in  1958 
because  they  had  served  their  purpose.  The  most  important  line  in  Fig.  1 — "A"  for 
service  transverse  fissures — shows  the  fine  improvement  that  has  been  effected  by 
the  use  of  control-cooled  rail,  detector  car  testing,  and  improved  rail  sections. 

The  reduction  in  detected  transverse  defects  since  1948  is  due  primarily  to  the 
introduction  of  control-cooled  rail  in  1937  and  the  introduction  of  the  new  rail  sec- 
tions in  1948.  It  will  be  shown  later  there  has  been  no  significant  reduction  in  detector- 
car  testing,  and  the  decline  in  gross  ton  miles  of  traffic  from  1948  to  1959  is  only  15 
percent  whereas  the  reduction  in  detected  failures  is  47  percent.  This  reflects  a  substan- 
tial economy  in  the  cost  of  replacing  failed  rails. 

Because  of  the  importance  of  detector  car  testing  in  the  control  of  service  rail 
failures,  it  has  been  the  practice  for  the  past  several  years  to  request  data  from  the 
reporting  roads  on  the  number  of  track  miles  tested  by  detector  cars.  These  data  are 
presented  herewith: 
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TiiK  k  Miles 
Year  No.  of  Roads  Tested  by 

Tested  Reporting  Detector  Cat 

1953      59  212,2X0 

1054      56  201,1  U 

1955   56  186,322 

1956  50  196,882 

1057   57  212.082 

1958  54  216,731 

1959  53  212,833 

Mill  Performance 

The  number  of  service  and  detected  rail  failures  that  occur  during  the  first  five 
years  of  service  may  be  considered  a  good  criterion  of  mill  performance  and  the  quality 
of  rail  as  manufactured.  Fig.  2  shows  these  failures  for  1908  rollings  to  1954  rollings,  incl. 
As  explained  in  the  report  last  year,  the  large  decrease  in  failures  in  the  rollings  from 
1908  to  1914  occurred  during  the  change  over  from  Bessemer  to  open-hearth  produc- 
tion; the  further  decrease  in  the  rollings  to  1937  reflected  improvements  in  mill  prac- 
tice and  probably  increase  in  rail  size;  the  decrease  after  1937  rollings  reflects  the 
benefits  from  control-cooling,  and  since  the  1948  rollings,  from  improved  design  incor- 
porated in  the  new  rail  sections.  The  failures  in  the  1054  rollings  are  the  lowest  so  far 
reported.  Fig.  2  certainly  reflects  a  most  gratifying  record  of  benefits  obtained  from 
improvements  in   rail  manufacture,  metallurgy,  and  design. 

Fitr.  3  showing  the  control-cooled-rail  failure  rates  cumulatively  for  the  first  10 
years  of  service  of  rail  rolled  by  individual  mills  affords  a  comparison  of  mill  quality 
among  individual  rail  producers.  It  should,  of  course,  be  recognized  that  the  service 
conditions  are  not  necessarily  the  same  for  the  rail  produced  by  each  mill.  The  per- 
formance of  the  Gary,  Inland.  Lackawanna.  Steelton,  and  Tennessee  mills  arc  excel- 
lent. The  performance  of  the  Colorado  mill  is  good,  and  the  rate  of  failures  for  the 
earlier  years  was  influenced  to  a  large  extent  by  the  large  number  of  CF  and  DF  fail- 
ures that  occurred  on  the  UP.  The  failure  rate  for  the  Algoma  mill  was  largely  due  to 
VSH,  other  head,  in  joint  web,  and  base  failures  (see  Table  5);  for  Carnegie-E.  T.  by 
the  relatively  high  number  of  CF  and  DF  failures  on  the  N&W;  for  Dominion,  by  the 
relatively  high  number  of  in-joint  web  failures  on  the  CP.  Last  year's  report  contained 
a  statement  from  C.  A.  Colpitts,  chief  engineer  of  the  Canadian  Pacific,  giving  tin 
difference  in  service  and  defect  detection  conditions  of  rail  from  the  Algoma  and 
Dominion  mills. 

Carnegie-E.  T.  and  Inland  stopped  rolling  rail  in  1057,  and  Dominion  rolled  no  rail 
for  the  railroads  included  in  these  statistics  for  1955,  1957,  and  1958.  A  comparison  of 
Fig.  3  with  corresponding  data  in  the  report  of  10  years  ago  shows  an  outstanding 
improvement  in  performance,  most  of  which  is  due  to  the  new  rail  sections  introduced 
in  1947. 

This  is  further  shown  in  Fig.  4  which  show-  the  service  an. I  detected  failures  pel 
100  track  miles  that  have  occurred  to  December  $1,  1959,  for  each  year's  rollings  from 
I'M''  to  1058  incl.  The  dashed  line  shows  corresponding  data  for  the  old  sections, 

1047    rollings,    also    control  cooled    rail.   The    reduction    in    failure   rate   is   on    the   order   of 

two  thirds  The  drop  oft'  in  failure  rate  for  the  old  sections  for  the  tenth  year  of  service 
should  be  disregarded  because  the  decrease  was  due  to  the  tart  that  considerable  ton- 
nage of  the  original  rolling  having  the  highest  failure  rate  was  removed  from  track. 
It    should   ilso   be   pointed   out   that   the   record   for   the   new   sections   is   actuallv    bet 
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tcr  than  shown  because  many  of  the  failures  reported  actually  occurred  in  the  old  rail 
sections  rolled  after  1947,  as  will  be  discussed  more  fully  later. 

Types  of  Failures 

Table  5  shows  the  accumulated  service  and  detected  failures  per  100  track  miles  in 
rollings  1949  to  1958,  incl.,  that  have  occurred  to  December  31,  1959,  by  types  of  failures 
and  by  mills.  This  table  is  helpful  in  assessing  the  performance  of  individual  mills  as 
was  done  in  the  discussion  on  Mill  Performance,  above.  It  is  also  of  value  in  pointing 
up  the  relative  importance  of  the  different  types  of  failures.  For  example,  the  CF  and 
DF  classification  comprises  40  percent  of  the  total  failures  and  web  failures  in  joint,  25 
percent.  To  give  some  indication  of  the  extent  to  which  the  "new  rail  sections"  adopted 
in  1947  have  affected  the  number  of  failures  of  each  type  the  following  comparison  is 
offered  with  the  "old  sections"  in  the  1938  to  1947  rollings,  incl.,  both  being  control- 
cooled  rail. 

Accumulated  Failures 
Types  of  Failure  Old-Sections        New-Section  s 

TF— verified  by  University  of  Illinois    52  28 

CF  &  DF    4609  4692 

VSH      1537  730 

HSH     1412  381 

Other   Head    1401  1753 

Broken     1996  22^ 

Web— in  joint  9809  2919 

Web— other  3918  419 

Base  801  663 

All  types   24635  11817 

Failures  per  100  track-mile-years   Q.24  4.18 

Study  of  the  above  table  shows  that  the  outstanding  reduction  has  been  made  in  the 
web  failures,  both  in  joint  and  others.  Those  failures  reported  as  being  in  the  "new 
sections"  also  include  some  in  the  old  style  sections  where  the  railroad  had  not  adopted 
the  new  section  or  where  the  rail  was  100-lb  or  lighter,  for  which  new  sections  had  not 
been  designed.  Accordingly,  a  special  analysis  was  made  of  the  web  failures  as  reported 
in  the  "new  sections"  by  specific  rail  sections  and  it  was  found  that  of  the  2919  reported 
in-joint,  only  310  were  actually  in  the  new  sections  and  of  the  419  reported  outside 
of  the  joint  only  123  were  actually  in  the  new  sections. 

Although  the  new  rail  sections  adopted  in  1947  had  a  revised  head  contour  that 
was  anticipated  to  be  helpful  in  retarding  shelling  and  detailed  fractures  from  shelling 
that  are  classified  in  the  CF  and  DF  category,  it  is  problematical  to  what  extent 
this  benefit  will  be  reflected  in  the  statistics.  Business  conditions  necessitate  extending 
rail  life  all  possible,  and  this  is  reflected  in  the  reduction  in  amount  of  new  rail  laid  as 
shown  in  Table  2.  Most  shelly  rail  occurs  on  the  high  rail  of  sharp  curves,  and  the  ex- 
tended rail  life  by  lubrication  may  result  in  more  detailed  fractures  from  shelling.  Also, 
the  trend  towards  increasing  wheel  loads  without  a  compensatory  increase  in  wheel 
diameter  may  be  expected  to  increase  the  incidence  of  CF  and  DF  failures. 

Table  6  is  of  interest  in  comparing  the  failures  by  type,  by  mill,  and  by  individual 
railroads.  Reference  to  this  table  helps  to  explain  some  of  the  differences  as  reported 
under  Mill  Performance. 

All  failures  in  control-cooled  rail  that  are  thought  to  be  transverse  fissures  are  sent 
to  the  University  of  Illinois  for  verification  by  Professor  Ralph  E.  Cramer  as  a  part 
of  the  cooperative  rail  failure  investigation  sponsored  jointly  by  the  AAR  and  the  AISI. 
Table  7  shows  the  results  to  date  of  the  examination  of  the  submitted  failures. 
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FIG.  2-  SERVICE  AND  DETECTED  FAILURES  IN  UNITED  STATES    AND    CANADA 
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Fig.    1  -  Control  Cooled  Rail  Failures  to  December  31,    1959  Per  100  Track  Miles  -  All  Types 
Excluding  Engine  Burn  Fractures  -  Service  and  Detected. 
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TABLE  2  -  TONS  OF  HAILS  AND  TRACK  MILES  OF  EACH  YEAR'S  ROLLINGS  1949 
REPORTED  BY  55  RAILROADS 


OH  CONTROL  COOLED  ONLY 

Year 
Rolled 

TONS                                            TRACK  MILES 

1949 

1,254,278                                             5,966.41 

1950 

1,311,038 

6,335.78 

1951 

1,229,261 

5,908.58 

1952 

987,006 

4,796.63 

1953 

1,207,782 

5,683.69 

1954 

823,831 

3,833.60 

1955 

883,  125 

4,085.60 

1956 

865,017 

4,024.40 

1957 

814,723 

3,480.30 

1958 

401,532 

1,855.90 

TOTAL 

9,777,593 

45,970.89 

SERVICE  AND  DETECTED  FAILURES  OF  ALL  TYPES  EXCEPT  ENGINE  BURN  FAILURES 
ACCUMULATED  FROM  DATE   ROLLED  TO  DECEMBER   31,     1958   PER    100  AVERAGE 
TRACK  MILES,   CONTROL-COOLED  RAIL  ONLY,  IN  ALL  ROLLINGS,   FROM  ALL  MILLS 


Year 

Rolled 

YEARS  OF  SERVICE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1949 

1.7 

4.  1 

7.2 

10.0 

15.8 

21.7 

28.8 

36.7 

45.7 

55.0 

1950 

3.  1 

6.  0 

9.6 

14.1 

19.6 

25.9 

35.8 

45.6 

54.9 

1951 

2.0 

3.4 

5.  0 

10.4 

16.3 

21.7 

27.5 

34.9 

1952 

2.0 

2.8 

4.3 

7.9 

13.2 

18.7 

25.3 

1953 

0.8 

2.0 

4.0 

9.2 

15.  G 

22.5 

1954 

0.5 

1.3 

3.5 

6.1 

10.9 

1955 

0.7 

1.5 

2.3 

4.0 

1956 

0.4 

1.3 

3.3 

1957 

0.5 

1.3 

1958 

l.'J 

006 


Rail 


TABLE  4  -  TRACK  MILES  AND  195a  FAILURES,  ALL  TYPES,   IN  ROLLINGS  1949  TO  1958,   INCL. 
OPEN-HEAHTH  CON THOL-COOLED  HAIL  ONLY 


ROAD 

TRACK  MILES  BY  MILL 

1959  FAILURES 

ALG 

CARN 

COLO 

DOM 

GARY 

INLD 

LACKA 

STLTN 

TENN 

TOTAL 

Elils  EXCL. 

EBFs  ONLY 

ATiSF 

1810 

949 

253 

3012 

45 

1 

ACL 

9 

357 

942 

1308 

19 

BiO 

435 

378 

71 

598 

1482 

12 

BiOCT 

36 

35 

1 

Ban  Aroos 

63 

63 

BJ.LE 

61 

51 

Bos  &  Alb 

55 

55 

HIM 

18 

9 

63 

90 

8 

CP 

3658 

869 

47 

4474 

719 

C.  ofOa. 

256 

256 

1 

CiO  (Sys.) 

21 

62 

797 

570 

250 

81 

1781 

23 

2 

CliEI 

94 

11 

105 

CiNW 

449 

153 

138 

740 

1 

CB&Q 

823 

805 

177 

1805 

4 

CI&L 

83 

42 

125 

CMStP&P 

968 

306 

1274 

1 

CRIiP 

108 

687 

223 

1018 

2 

CCCiStL 

-PIE 

339 

58 

11 

408 

21 

2 

CIS 

382 

382 

4 

HI 

DAB 

176 

176 

3 

1 

D&RGW 

335 

335 

31 

Erie 

265 

309 

25 

76 

6 

681 

2 

6 

FEC 

28 

39 

160 

227 

1 

GTW 

192 

58 

53 

303 

5 

GN 

565 

633 

269 

209 

5 

1681 

51 

IC 

1079 

465 

278 

1822 

20 

2 

JCL  (NY&LB) 

122 

122 

KCS 

195 

23 

12 

230 

L&HR 

21 

21 

L&NE 

27 

27 

LV 

271 

271 

LSiN 

51 

1763 

1814 

32 

Me.  Cent. 

87 

3 

90 

2 

MSIP&SSIM 

5 

246 

243 

19 

513 

7 

MKT 

50 

107 

?6 

183 

MP  Lines 

929 

613 

138 

143 

1823 

5 

NYC  -  E 

48 

25 

612 

685 

57 

NYC&StL 

50 

309 

50 

128 

537 

5 

NYNH&H 

69 

259 

328 

5 

NdW 

718 

212 

930 

310 

19 

NP 

424 

342 

83 

141 

990 

11 

1 

pun 

482 

177 

50 

424 

1133 

111 

36 

PILE 

116 

116 

Reading 

332 

332 

RF&P 

150 

150 

St.    L-SF 

772 

772 

1 

SAL 

3 

510 

667 

1180 

SP 
Southern 

2441 

16 

15 

651 

1316 

2441 
1998 

173 
18 

16 

TiiNO 
T&P 

593 

178 

130 
168 

723 
346 

SS 

UP 

109 

1758 

1179 

106 

132 

2543 
241 

896 

24 

W.    Mil. 

120 

211 

331 

3 

TOTAL 

3581 

2535 

103116 

869 

10545 

3404 

2177 

4142 

6607 

44569 

2566 

121 

NWE:  The  following 
Tho  NCiSII. 
Tim  Virglnuii 


Uronds  ilicl  nol  report  In  IS(S0  iiiicl  i 
rued  uiih  Ihu  I.S.N  Itnilrond 
urged  with  the  Nsw  Knilrond 


I.I.  :    DI.SiW,   Hill,    1.1  un.l  NYC 
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Report  on  Assignment  5 

Economic  Value  of  Various  Sizes  of  Rail 

J.  C.  Jacobs  (chairman,  subcommittee),  John  Aver,  Jr.,  S.  H.  Barlow,  H.  B.  Berkshire, 
Blair  Blowers,  T.  F.  Burris,  C.  A.  Colpitts,  C.  O.  Conatser,  L.  S.  Crane,  W.  J.  Cruse, 
G.  H.  Echols,  D.  T.  Faries,  O.  E.  Fort,  C.  E.  R.  Haight,  W.  H.  Hobbs,  T.  B.  Hut- 
cheson,  Embert  Osland,  R.  B.  Rhode,  J.  G.  Roney,  J.  F.  Shaffer,  W.  D.  Simpson, 
H.  F.  Smith,  J.  S.  Wearn,  W.  L.  Young. 

Your  committee  has  continued  Study  A  reflecting  changes  in  the  test  mileage  and 
computed  to  show  averages  after  16  years.  At  the  beginning  of  this  study  the  estimated 
service  life  in  the  first  location  was  IS  years  for  the  112-lb  and  25  years  for  the  131  -lb. 
It  now  appears  that  20  years  for  the  131-lb  will  be  more  nearly  correct.  The  remainder 
of  the  112-lb  rail  was  removed  in  September  1957  after  15  years  of  service.  Average 
annual  traffic  density — 28,000,000  gross  tons. 

Study  A 

Result  of  Study  of  Illinois  Central  Railroad  Northward  Track 

Mattoon  to  Savoy,  III.  Test  Sections  of  112-Lb  and  131 -Lb  Rail 
Comparison  of  the  Two  Sections,  Cost  of  Investment — 1944  Prices 

Investment  Charges  Per  Mile 
Item  112-Lb  131-Lb 

Gross  cost — rail  and  other  track  material   $  12,643  $14,413 

Less   estimated   salvage    Cr.     4,284  Cr.     5,01 1 

Net  cost — rail  and  other  track  material  $  8,350  $  9,402 

Labor  cost  to  lay    1,338  1,473 

Total   cost    $  0,607  $10,875 

Estimated  life — based  on   1959  condition    ,  15  years  20  years 

Annual  cost — Rail  and  other  track  material   $      557  $      470 

Labor  to  lay   89  74 

Interest   at   6   percent*    839  953 

Total  annual  investment  cost   $  1,485  $  1,497 

*  On  gross  outlay  for  labor  and  material. 
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Average  of  IS  Years  for  112-Lh  and  16  Years  fob  131-Lb  Rah 

/;  s 

L6 

/.;/  /./, 

Sa i  < »■'/    by   '    t  oj 
tSl  Lb 

(  hargt 

/',  re<  hi 

Chargi 

Percent 

Chargi 

/'. , , .  i,i 

Ml 

-i   055 
1 85 

S       1,1  | 

233 

S     233 

si ,902 

SI  .  is;, 
S3 . 387 

55 
33 
12 

100 

719 
t     737 

134 

|      1  15 

159 

s      169 

$1,341 

«1  .41)7 
12  838 

33 
12 

mo 

1  2.-> 

I   3  IS 

.->! 

S   169 

84 
*     84 

56 

Ballast  (stone  and  slag  1  cu  yd 

Cost  at  SI. 00* 

15 

Total  maintenance 
Percent 
Investment  charges 

$  571 

t     12  Cr. 

t  559 

100 

Total  Com 

Percent 

16. 5 

*  Average  prices  1943   1959. 


SUMMARY 

The  greater  savings  realized  through  the  use  of  131-lb  rail  have  been  in  labor  and 

cross  ties,  partially  due  to  the  use  of  longer  and  heavier  joint  bars,  larger  tie  plates 
and  greater  rail  rigidity. 

Similar  maintenance  standards  have  been  practiced  on  both  test  sections. 


Report  on  Assignment  6 

Service  Tests  of  Various  Types  of  Joint  Bars 

Embert  Osland  (chairman,  subcommittee),  John  Aver,  Jr.,  R.  E.  Catlett,  Jr.,  C.  J.  Code, 
L.  S.  Crane,  VV.  J.  Cruse,  V.  E.  Hall,  J.  C.  Jacobs,  K.  K.  Kessler,  G.  L.  P.  Plow, 
J.  F.  Shaffer,  A.  P.  Talbot,  J.  S.  Wearn,  R.  P.  Winton. 

This  report,  submitted  as  information,  covers  two  service  tests  of  joint  bars  for 
115  RE  and  132  RE  rail,  established  in  1948  and  1940. 

The  investigation  is  being  conducted  by  the  Engineering  Division  research  stall 
of  the  Association  of  American  Railroads  under  the  general  supervision  of  G.  M.  Magee, 
director  of  engineering  research.  H.  E.  Durham,  research  engineer  track,  is  in  direct 
charge  of  the  assignment,  assisted  by  members  of  hi-  staff. 

Description  of  Service  Test  Installations 

These  two  service  tests  were  established  for  the  purpose  of  studying  variations  in 

joint  bar  design  and  the  effects  of  the  new  AREA  bolt  hole  spacing,  the  old  AREA  boll 
hole  spacing   and   a    four-hole   spacing   in   joint    liars   36    in    long.    The    tests    have   been 
described  in  previous  reports  of  the  committee;  details  and  drawings  of  the  cross  se< 
tions  and  physical  properties  of  the  bars  are  included  in  Proceedings,  \  "I    52,  page  636 

In   both   tests,   the   rail    was   end    hardened    in   the   field. 
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The  five  test  sections  of  joint  bars  for  132  RE  rail  are  in  the  eastbound  main  track 
of  the  Atchison,  Topeka  &  Santa  Fe  Railway  near  Streator,  111.,  100  miles  west  of  Chi- 
cago. The  sections,  each  y2  mile  in  length,  located  on  tangent  track,  are  described  in 
Figs.  1  and  2.  Locations  V,  W  and  X  were  placed  August  1948  and  sections  Y  and  Z 
in  March  194°.  In  Vol.  51,  page  572,  Fig.  1  is  a  plan  showing  location  of  the  test  sections 
related   to   mile  posts  and  highways. 

Rail  surface  profiles  and  measurements  of  out-to-out  and  camber  were  obtained 
in  May  1960.  The  traffic  carried  from  the  date  of  initial  test  measurements  to  May 
1960  was  206  million  gross  tons  for  sections  V,  W,  and  X,  196  million  gross  tons  for 
section  Y  and  187  million  gross  tons  for  section  Z.  The  graphs  showing  the  top  of  rail 
camber  of  the  Santa  Fe  and  C&NW  tests  have  been  omitted  from  this  report  because 
an  analysis  of  the  data  indicated  little  change  from  the  1958  report. 

The  five  test  sections  of  joint  bars  for  115  RE  rail  are  in  the  westbound  track  of 
the  Chicago  &  North  Western  Railway  near  Sterling,  111.,  106  miles  west  of  Chicago 
on  the  Omaha  line.  The  sections,  each  approximately  2000  ft  long  and  including  100 
joints,  are  described  in  Figs.  3  and  4.  Locations  AA,  BB,  CC  and  DD  were  placed 
November  1948  and  Location  EE  was  placed  May  1949.  In  Vol.  51,  page  572,  Fig.  2  is 
a  plan  showing  location  of  the  test  sections  related  to  mile  posts  and  highways. 

Measurements  for  the  last  test  period  on  the  C&NW  test  were  taken  in  May  1960. 
The  initial  readings  for  all  sections  were  obtained  in  May  1949;  the  traffic  carried  from 
that  time  until  the  date  of  the  May  1960  measurements  was  approximately  145  million 
gross  tons. 

Discussion  of  Test  Data 

Santa  Fe  Test 

Figs.  1  and  2  contain  graphs  of  rail  surface  profile  and  pull-in  of  the  joint  bars 
respectively  for  132  RE  rail. 

Sections  V  and  W  continue  to  show  the  greatest  amount  of  end  batter  as  indicated 
in  the  rail  surface  profiles,  Fig.  1.  It  will  be  noted  that  there  was  a  substantial  amount 
of  batter  when  the  initial  readings  were  taken  in  1948  and  1949,  this  being  due  pri- 
marily to  the  lag  of  field  end  hardening  following  the  rail  laying.  The  rail  gaps  of  sec- 
tions V  and  W  were  considerably  greater  than  those  of  sections  X,  Y  and  Z  which  is  no 
doubt  a  factor  in  the  amount  of  batter.  The  difference  in  level  of  the  top  of  rail  sur- 
faces at  the  J4-in  points  in  section  W  with  4-hole  joints  was  found  to  be  approximately 
twice  that  of  the  other  four  sections  which  have  6-hole  joints. 

The  change  in  out-to-out  distances  shown  by  the  graphs  in  Fig.  2  indicates  that 
the  fishing  wear  has  been  quite  consistent  since  1953.  Section  W  with  4-hole  bars  con- 
tinues to  have  the  greatest  pull-in  followed  by  section  V  with  6-hole  bars  and  AREA 
bolt  hole  spacing.  Section  Z,  which  had  10  percent  less  traffic  than  sections  V,  W  and  X 
and  5  percent  less  traffic  than  section  Y,  continues  to  stand  out  by  having  substantially 
less  pull-in  than  the  other  four  sections.  There  is  little  difference  between  sections  X 
and  Y. 

Since  1949  when  the  test  was  installed,  16  of  the  long-toe  bars  in  section  Z  have 
developed  hair-line  cracks  starting  in  the  spike  slots.  These  cracks  do  not  progress  into 
the  web  of  the  bars  and  no  failures  have  resulted. 

The  test  track  was  given  a  "skin  lift"  in  1959  at  which  time  the  bolts  were  re- 
tightened.  The  bolts  of  the  test  joints  were  also  retightened  in  1960  just  prior  to  the 
test  measurements. 
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Chicago  &  North  Western  Test 

Figs.  3  and  4  cover  graphs  of  rail  surface  profile  and  joint  bar  pull-in  for  LIS 
RE  rail. 

The  rail  surface  profiles,  Fig.  3,  have  become  generally  lower  at  the  rail  ends  'lin- 
ing the  last  test  period.  This  is  particulary  prominent  in  the  receiving  rails  of  section  CC. 
The  joints  of  section  DD  continue  to  be  somewhat  lower  than  the  other  sections,  which 
condition  has  prevailed  since  the  beginning  of  the  test.  Maximum  rail  end  batter  con- 
tinues to  occur  in  sections  BB  and  CC  where  it  is  about  50  percent  greater  than  the 
average  of  the  other  three  sections.  Attention  is  called  to  the  secondary  batter  at  the 
4  in  point  of  the  receiving  rails  of  Section  AA,  which  stands  out  as  being  much  greater 
than  the  other  sections. 

The  out-to-out  distances,  as  shown  in  Fig.  4,  continue  to  change  at  a  slower  rate 
than  prior  to  1956,  which  is  no  doubt  due  primarily  to  elimination  of  nearly  all  pas- 
senger train  tonnage  since  late  in  1955.  Section  CC  is  slightly  ahead  of  the  other  sections 
in  pull-in  at  the  bottom  of  the  bars.  Since  1956  the  pull-in  of  the  top  of  the  bars  has 
shown  little  change  in  out-to-out. 

Inspection  of  the  bars  found  all  to  be  in  good  condition  and  without  visible  change 
during  the  two-year  period  since  the  last  previous  inspection. 

Work  performed  on  the  track  during  the  last  test  period  consisted  of  a  "skin  lift" 
of    1    to    \l/2    in.    in    1959.    Bolts    were    retightened    in    1959    and    also    just    the    test 
measurements  were  taken. 

Conclusions 

In  general  the  test  sections  are  performing  well  after  approximately  12  years  of 
service.  The  4-hole  bars  on  the  Santa  Fe  are  showing  rather  definite  indications  of  being 
inferior  to  the  other  four  132-lb  sections  as  evidenced  by  greater  pull-in  and  droop  of 
the  rail  ends.  On  the  North  Western  the  4-hole  bars  appear  to  be  doing  somewhat 
better  except  that  those  joints  are  showing  considerable  secondary  batter  on  the  receiving 
rail.  The  K-22  bars  in  section  CC  are  showing  signs  of  being  slightly  inferior  to  the 
other  types  of  bars  in  the  matter  of  droop  of  the  rail  ends  and  pull-in  of  the  bars. 
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Report  on  Assignment  8 

Causes  of  Shelly  Spots  and  Head  Checks  in  Rail: 
Methods  For  Their   Prevention 

VV.  H.  Hobbs  (chairman,  subcommittee),  W.  D.  Almv,  John  Aver,  Jr.,  F.  W.  Biltz, 
B.  Bristow,  T.  F.  Burris,  C.  J.  Code,  C.  O.  Conatser,  L.  S.  Crane,  W.  J.  Cruse, 
D.  T.  Faries,  C.  J.  Henry,  C.  C.  Herrick,  S.  R.  Hursh,  T.  B.  Hutcheson,  W.  M. 
Jaekle,  K.  K.  Kessler,  R.  F.  Lawson,  Lee  Mayfield,  Ray  McBrian,  B.  R.  Meyers, 
J.  G.  Roney,  W.  D.  Simpson,  J.  S.  VVearn. 

This   is   a   progress    report,    presented   as   information. 

During  the  past  year  this  investigation  has  been  limited  to  that  conducted  by  (a) 
the  AAR  Engineering  Division  research  staff,  and   (b)   the  University  of  Illinois. 

The  AAR  provides  funds  to  support  the  work  performed  by  its  Engineering  Divi- 
sion research  staff,  and  the  AAR  and  AISI  jointly  provide  funds  to  support  the  work 
conducted  by  the  University  of  Illinois. 

The  work  conducted  by  the  AAR  Engineering  Division  research  staff  is  under  the 
general  direction  of  G.  M.  Magee,  director  of  engineering  research,  and  is  covered  by 
report  prepared  by  Kurt  Kannowski,  metallurgical  engineer,  which  is  included  in  this 
report  as  Appendix  8-a.  This  report  covers  inspections  of  service  tests  of  heat-treated 
and  alloy-rail  installations  at  11  locations.  There  are  5  tests  of  heat-treated  rail,  3  of 
high-silicon  rail,  and  3  of  chrome-vanadium  alloy  rail. 

Heat-treated  rail  continues  to  show  decided  increased  life  over  standard  rail.  Use 
of  heat-treated  rail  on  the  low  side  of  curve  has  increased  life  of  rail  5  to  8  times  and 
on  high  side  of  curve   1^   to  4  times. 

High-silicon  rails  have  shown  greater  resistance  to  the  detrimental  effects  of  heavy 
wheel  loads  on   the  low  side  of  curves  than  standard   rails. 

Chrome-vanadium  alloy  rails  show  greater  resistance  to  wear  than  standard  analysis 
rails;  however,  the  final  report  on  the  service  test  of  140-lb  chrome-vanadian  alloy  rail 
on  the  Pennsylvania  Railroad  has  shown  the  chrome-vanadium  alloy  steel  of  the  com- 
position used  to  be  unreliable.  Its  good  wearing  qualities  and  superior  resistance  to 
shelling  are  overshadowed  by  its  poor  resistance  to  impact. 

The  work  conducted  by  the  University  of  Illinois  is  covered  by  report  prepared 
by  Professor  R.  E.  Cramer,  which  is  included  in  this  report  as  Appendix  8-b.  This  report 
covers  (1)  rolling-load  tests  to  produce  shelling  in  136-lb  high-silicon  vanadium  rails, 
(2)  rolling-load  tests  of  high-silicon  chrome-vanadium  rails,  (3)  failed  shelly  rails  from 
service,  and  (4)  rolling  load  tests  to  produce  detail  fractures  from  shelling.  The  report 
also  gives  the  results  of  tests  of  115-lb  columbium  rail  and  tests  of  133 -lb  rail  single 
flame  hardened  by  the  Union  Pacific  Railroad. 

Appendix  8-a 

Service  Tests  of  Heat-Treated  and   Alloy-Steel   Rail 

Chesapeake  &  Ohio  Railway  Service  Test  of  132  RE  Heat-Treated  Rails 

The  test  installation  is  described  extensively  in  the  AREA  Proceedings,  Vol.  57, 
page  833. 

The  12  heat-treated  (oil  quenched)  and  the  12  non-heat-treated,  end-hardened, 
132  RE  rails  near  Martha,  W.  Va.,  were  inspected  May  10,  1°60.  These  rails  were  laid 
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in  the  high  and  low  sides  of  the  northbound  (loaded)  track  in  a  3  deg  6-min  curve  <>n 

May   2,   1949. 

The  test  rails  had  carried  approximately  204,000,000  gross  tons  of  traffic  at  the  date 
of  inspection. 

Heat-treated  rail  87581-D11  is  the  only  test  rail  which  continues  to  be  free  ol 
gage  corner  service  developments.  Head  checks  and  accompanying  black  areas,  along 
with  small  black  spots,  appear  in  the  other  five  heat-treated  rails. 

Three  of  the  other  non-heat-treated  rails  have  developed  a  number  of  shells  in  the 
gage  corner  of  the  head,  and  flaking  and  black  spots  were  noted  in  the  remaining  two 
non-heat-treated  rails. 

Both  the  heat-treated  and  non-heat-treated  rails  in  the  low  side  of  the  curve  appear 
in  excellent  condition  with  more  plastic  Bow  noted  in  the  non-treated  rails. 

Comparatively  speaking,  progression  of  the  service  developments  in  these  test  rails 
had  been  slow  through  the  1050  inspection.  However,  an  increase  in  the  gage  corner 
developments,  particularly  in  the  non-heat  treated  rails,  was  noted  at  the  time  of  the 
I960  inspection. 

Duluth,  Missabe   &  Iron  Range  Railway  Service   Test 
of  Chrome-Vanadium  Alloy  Rail 

This  installation  is  described  extensively  in  the  Proceedings,  Vol.  57,  page  833. 

At  the  date  of  this  year's  inspection,  July  20,  1060,  135,000,000  gross  tons  of  traffic 
had  passed  over  the  curves  at  M.P.  3.93,  M.P.  3.58,  M.P.  U.2  and  M.P.  26.65.  The 
standard  carbon  rail  on  curves  M.P.  3.93  and  M.P.  3.58  had  been  removed  on  account 
of  shelling  at  approximately  06,000,000  gross  tons  of  traffic.  The  chrome-vanadium  rail 
showed  very  little  change  at  this  location  as  well  as  at  M.P.  M.2.  The  standard  carbon 
rail  at  this  location  had  been  removed  at  approximately  80,000,000  gross  tons  of  traffic 
on  account  of  shelling.  The  replacement  carbon  rail  at  both  of  these  locations  showed 
some  head  checks  and  light   flaking. 

The  curve  at  M.P.  26.65.  which  is  characteristic  due  to  removal  of  rail  on  account 
of  abrasion,  still  had  the  chrome-vanadium  rail  in  track  showing  evidence  of  abrasion 
but  very  little  of  head  check.-.  The  carbon  rail  had  been  removed  in  the  spring  of  1957 
on  account   of   shelling  and   abrasion   at   approximately   61,500,000  gross   tons  of   traffic. 

Curve  oilers  were  noted  to  be  in  operation  at  the  time  of  inspection. 

Great  Northern   Railway  Service   Test  of   115  RE  Heat-Treated  Rails 

Thi-  installation  is  extensively  described  in  the  AREA  Proceedings,  Vol.  57,  pages 
837-850.  An  inspection  was  made  <>n  July   10,  1060. 

The  115  RE  test  rail-  were  put  into  service  in  two  comparable  curves  on  Februarj 
7,  1051,  east  of  Carlton,  Minn.  In  review  of  the  installations,  88  heat  treated  rails  wen 
installed  in  both  the  high  and  low  sides  of  4 -deg  curve  No.  20  and  88  non-heat  treated, 
end-hardened   rails   in    the    high    and    low   sides   of   4 -deg   curve   No.    22    for   comparison 

The  original   non-heat  treated   tc-t    rails  in   the  high  side  of  curve   No.   22   were   re- 
placed August  l.  1955,  after  carrying  1 93.000,000  gross  tons  of  traffic,  because  of  exten 
-ive  shelling;   at    least    one   rail   had   failed   in   service   from   a   detailed    fracture   from 
shelling. 

Considerably  more  and  heavier  Baking  was  in  evidence  in  the  second  sel  ol  Don 
heat-treated  rails  in   the  hiuh   side  of  curve  No.   22  alter  onl)    177,793,512   gross  tons  of 
traffic  than  in  the  original  heat  treated  rails  in  the  high  side  of  curve  No    20  al   the 
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time  <ii  this  inspection.  This  was  true  in  spite  of  the  fact  thai  the  heat  treated  rails  had 
tarried    1  o.>,000,000  more  gross   tuns. 

The  condition  of  the  heat-treated  rails  in  the  high  side  of  the  No.  20  curve,  gen- 
erally speaking,  shows  little  change.  Shelling  spots  were  observed  in  7  rails  and  flaking 
in  20  rails.  Sixteen  rails  appeared  clear  of  gage  corner  service  developments. 

Great  Northern  Railway  Service  Test  of  115  RE  High-Silicon  Rail 

This  service  test  was  installed  to  investigate  the  properties  of  high-silicon  rail  in 
regard  to  its  abrasion  and  shelling  resistance.  Two  locations,  each  with  two  comparable 
curves,  were  laid  with  high-silicon  rails  on  the  high  and  the  low  side  on  one  of  the 
curves  of  each  location  and  standard  control-cooled  rails  on  the  other  curve.  These 
installations  were  described  extensively  in  the  Proceedings,  Vol.  58,  page  1028. 

During  the  July  I960  inspection,  it  was  noted  that  at  approximately  91,635,000 
gross  tons  of  traffic  over  curve  705  at  M.P.  1443.0  of  the  Kalispell  Division,  two  shells 
and  three  black  spots  had  formed  on  two  rails  located  at  the  maximum  point  of  curva- 
ture. The  balance  of  the  standard  control-cooled  rails  had  a  few  light  flakes  and  some 
head  checks.  The  high-silicon  rails  on  curve  710  showed  no  gage  corner  developments 
leading  to  shelling.  On  curves  48  and  52,  at  56,844,000  gross  tons  of  traffic,  it  was  found 
that  the  average  head  wear  for  the  high-silicon  rail  was  1.5  percent  on  the  low  rail 
and  3.8  percent  on  the  high  rail  compared  to  3.4  percent  on  the  low  rail  and  5.7  percent 
on  the  high  rail  for  the  standard  rail. 

Final  Report  on  the  New  York  Central  System  Service  Test  of  127 -Lb  DY 

Chrome-Vanadium,  Heat-Treated  and  Flame-Hardened  Rails, 

7-Deg  51-Min   Curve  No.  242,   Cedar  Run,  Pa. 

The  New  York  Central,  in  July  1950,  installed  11  manganese  chrome-vanadium 
rails,  4  heat-treated  rails,  4  flame-hardened  rails  and  21  non-heat-treated  regular  rails, 
all  127-lb  DY  section  in  the  7-deg  51-min  curve  No.  242  in  its  secondary  freight  track 
north  of  Cedar  Run,  Pa.  The  rails  were  installed  to  compare  the  resistance  to  abrasion 
as  well  as  the  resistance  to  shelling  of  these  different  types  of  rail.  This  installation  was 
described  extensively  in  the  Proceedings,  Vol.  59,  pages  957-958. 

During  the  inspection  of  May  1960,  it  was  noted  that  all  of  the  rails  on  the  high 
side  of  the  curve  had  been  removed.  The  rails  on  the  low  side  of  the  curve  were  left  in 
the  installation.  The  plastic  deformation  due  to  head  flow  on  the  field  side  was  very 
pronounced  in  the  standard  carbon  rail  and  a  little  less  on  the  flame-hardened  rail.  Very 
little  difference  in  the  head  flow  could  be  noted  on  the  fully  heat-treated  rails  and  the 
chrome-vanadium  rails.  Both  of  these  types  of  rails  showed  a  small  lip  on  the  field  side. 
A  considerable  longer  life  may  be  expected  from  these  rails. 

Since  the  high  rails  were  removed  this  year  in  April  at  17°,000,000  gross  tons  of 
traffic,  it  can  be  stated  in  the  evaluation  of  the  test  rails,  as  far  as  shelling  is  concerned, 
that   both   the  chrome-vanadium   and  fully  heat-treated  rails  resisted  shelling. 

Norfolk  &   Western  Railway  Service  Test  of  132  RE  Heat-Treated 
Rail  at  Kermit,   W.    Va. 

A  final  report  on  the  service  test  of  the  132  RE  heat-treated  rail  at  Kermit,  W.  Va., 
was  given  in  1957  and  may  be  found  in  the  Proceedings,  Vol.  58,  pages  1030-1032.  Since 
8  of  the  original  12  heat-treated  rails  on  the  high  side  and  10  of  the  original  11  in  the 
low   side  of   the   curve  are   still   in   service,  an   inspection    was   made   on   May    11,    I960. 
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The  rails  in  this  test,  which  originally  consisted  of  23   heat-treated  and   24   non  heal 
treated  rails  laid  in  both  the  high  and  low  sides  of  the  curve,  were  installed   Maj    3, 

1049. 

The  last  of  the  non-heat-treated  test  rails  were  removed  Hum  service  in  October 
1953. 

Only  7  of  the  original  12  heat-treated  rails  remained  in  the  high  side  and  10  of  the 
original  11  in  the  low  side  of  the  curve  at  the  time  of  this  inspection. 

However,  these  remaining  heat-treated  rails  were,  generally  speaking,  in  better 
condition  than  the  adjacent  non-heat-treated  replacement  rails  in  both  the  high  and 
low  sides  of  the  curve.  In  the  high  side  this  is  the  third  set  of  non-heat-treated  rail- 
while  in  the  low  side  it  is  the  fifth  set. 

The  17  heat-treated  rails  carried  an  estimated  449,600.000  gross  tons  of  traffic  to 
May  1.  I960. 

On  May  23.  I960,  12  days  after  this  inspeclion  was  made,  the  remaining  7  original 
fully  heat-treated  rails  were  removed  from  the  high  side  of  this  curve.  The  condition 
of  these  test  rails  in  face  of  the  road's  rail  laying  program  dictated  conclusion  of  this 
portion  of  the  test.  However,  the  10  heat-treated  rails  in  the  low  side  of  the  curve  were 
not  removed  and  will  continue  in   this  heavy  service. 

Norfolk   &    Western  Service   Test  of   132  RE  Heat-Treated  Rail 
at  Maher  and  Looney's  Curve 

These  installations  are  on  a  6-deg  curve  near  Maher,  VY.  Va..  at  M.P.  481  -f  210  ft 
and  on  the  4-deg,  7-deg.  12-deg  Looney's  Curve  at  MP.  455  +  582  ft,  and  are  de- 
scribed extensively  in  the  AREA  Proceedings.  Vol.  57,  pages  834-835. 

Fifty-five  heat-treated  (oil  quenched)  rails  were  laid  in  the  high  side  and  54  in  the 
low  side  of  this  compound  curve  on  August  2nd  and  9th,  1954. 

The  test  rails  have  carried  an  approximate  116.400,000  gross  tons  of  traffic  to  the 
1960  inspection  date. 

Half  the  heat-treated  rails  in  the  low  side  of  the  curve  apparently  have  resisted  the 
crushing  action  of  the  heavy  wheel  loads  while  the  others  show  signs  of  crushing  in  the 
form  of  breaks  in  the  plastically  deforming  surface  head  metal.  Some  light  and  medium 
flaking  and  considerable  shelling  was  noted  on   the  high  side  rails. 

There  has  been  a  noticeable  progression  of  the  service  developments  in  the  high  side 
of  this  curve  in  the  last  year.  But  now,  after  69  months,  the  rails  look  good  in  this 
location  where  non-heat  treated  rails  previously  installed  lasted  15  to  18  months  in  the 
high  side  and  6  to  9  months  in  the  low  side  of  the  curve. 

Sixty-six  heat-treated  rails  were  installed  in  both  the  high  and  low  sides  of  the 
6-deg  curve  at  Maher  on  August  2nd  and  9th,  1954.  On  September  21.  1959,  after  tin- 
rails  were  in  service  over  5  years  and  had  carried  168,900.000  gross  tons  of  traffic,  they 
were  transposed,  high  rails  to  the  low    side  and  low    rails  to  the  high  side  of  the  curve. 

As  reported  previously,  3  of  66  original  high  side  rails  were  removed  from  service 
prior  to  the  transposition  due  to  the  development  of  detailed  fractures  from  shelling 
Thus  only  63  heat-treated  tesl  taiN  were  relocated  in  the  low  side  of  tin-  curve.  Two 
low-side  rails  were  not  reinstalled  in  the  high  side  during  the  transposition  These  two 
rails  were  used  elsewhere.  Bj  the  time  of  this  inspection,  the  rails  in  their  transposed 
positions  had  carried  an  additional  27,720.000  gross  tons  of  traffic, 

The  service  developments  noted  in  the  63  high  side  rails,  "i  course,  are  no  longer 
of  significance  in  the  rails  in  their  present  transposed  position   Whether  tin-  shelling  <>i> 
served  will  play  a  pari  in  the  life  of  these  rails  in  their  new  role  remains  to  be  seen.  The 
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mild  crushing  noted  on  the  top  of  the  head  of  the  two  low-side  rails  was  still  noticeable 
in  their  high-side  positions;  in  fact,  this  condition  was  also  noted  in  a  third  rail  during 
this  inspection. 

The  field-side  corner  of  the  head  of  the  former  low  rails  had  developed  a  mild  fin 
of  plastically  deformed  metal  which,  of  course,  comes  in  for  considerable  work  in  the 
new  location  as  the  gage  corner  in  the  high-side  rail.  This  fin  is  undergoing  redeforma- 
tion,  and  some  checking  or  crazing  and  mild  flaking  of  the  fin  is  taking  place.  The  suc- 
cess of  the  transposition  will  largely  depend  on  the  progression  or  clearing  up  of  this 
gage  corner  condition. 

The  low  rails  appeared  almost  perfect. 

It  will  be  most  interesting  to  follow  the  results  of  this  transposition.  If  successful, 
one  would  expect  considerable  extension  of  the  life  of  these  fully  heat-treated  rails 
which,  prior  to  this  transposition,  had  given  better  than  two  times  the  life  of  previous 
regular  rails  in  this  curve. 

Pennsylvania   Railroad  Service   Test  of  155  PS  High-Silicon  Rails 

The  155  PS  high-silicon  rails  were  produced  at  Steelton  in  September  1953  and  in- 
stalled by  the  PRR.  This  installation  is  extensively  described  in  the  Proceedings,  Vol.  53, 
page  1029. 

These  rails  were  laid  October  5-8,  1953,  in  the  No.  1  eastbound  track  in  the  2-deg 
37-min  Bixler  Curve,  M.P.  164,  east  of  Lewiston,  Pa.  Alternate  groups  of  5  high-silicon 
rails  and  5  rails  of  standard  analysis  (blue  ends)  were  installed  in  the  high  and  low 
sides  of  the  curve.  All  rails  were  end  hardened  at  Steelton. 

The  previous  152  PS  rails  in  this  curve  had  shown  light  to  medium  flaking  with 
some  shelly  spots  in  the  high-side  rails  after  12  years  service. 

At  the  time  of  the  May  1958  inspection  light  to  medium  flaking  was  common  to 
both  the  high-silicon  and  the  standard  rails  in  the  portion  of  the  curve  at  full  elevation. 

The  test  rails  throughout  the  curve  were  transposed  in  conjunction  with  the  regular 
rail  program  in  January  1950.  The  high  side  rails  were  moved  to  the  low  side  and  vice 
versa. 

A  total  of  184,770,000  gross  tons  of  traffic  had  been  carried  by  the  test  rails  to 
January  1,  1959.  It  was  estimated  that  approximately  45,000,000  gross  tons  of  traffic 
had  been  carried  since  the  transposition. 

Some  degree  of  flaking  ranging  from  very  light  to  heavy  was  noted  in  every  high- 
side  rail  in  the  transposed  portion  of  the  curve.  The  degree  of  flaking  was  comparable  in 
both  high  silicon  and  standard  analysis  rails. 

At  the  time  of  the  May  1958  inspection,  three  of  the  standard  analysis  rails  in  the 
low  side  of  the  curve  were  noted  to  have  areas  of  broken  or  chipped  head  surface  due 
to  the  plastic  deformation  under  the  crushing  wheel  loads.  During  the  1959  inspection, 
7  standard  analysis  rails,  or  28  percent  of  the  25  which  had  been  transposed  from  the 
low  to  the  high  side,  were  noted  to  contain  this  condition.  Undoubtedly  the  condition 
occurred  in  the  four  additional  rails  while  they  were  still  in  the  low  side  of  the  track. 
This  surface  chipping  or  indication  of  crushing  was  not  noted  in  any  of  the  high-silicon 
rails.  This  fact  would  indicate  that  the  high  silicon  rails  have  shown  greater  resistance 
to  the  detrimental  effects  of  heavy  wheel  loads  in  the  low  side  of  the  curve  than  the 
standard  analysis  rails.  This  crushing  condition  was  still  noticeable  in  the  same  7  stand- 
ard analysis  rails  at  the  time  of  this  1960  inspection. 
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Pennsylvania    Railroad  Service    Test   of    140   RE   High-Silicon   Rail 

This  test  installation  of  high-silicon  140  RE  rail  is  Located  in  the  Pennsylvania  Rail 
road  Altoona  District  No.  4  track,  cast  of  Mifflin,  Pa.,  between  MP.  152  and  MP.  153 
+  2530.  The  test  rails  are  installed  in  the  5-deg  Mifflin  Reverse  Curve,  in  the  3-deg 
15-min  Stone  House  Curve,  and  in  the  2-deg  Casners  Curve  in  alternating  groups  ol 
three  high-silicon  and  three  standard  high-carbon  rails  on  both  the  high  and  low  sides 
of  the  curves. 

This  installation  has  been  previously  reported  in  the  AREA  Proceedings,  Vol.  58, 
page  °t>2  and  Vol.  60,  pages  872  and  873. 

During  the  1°60  inspection,  approximately  120,000,000  gross  tons  of  traffic  had 
passed  over  it.  It  was  noted  that  the  gage  corner  developments  related  to  shelling  had 
not  progressed  extensively  over  last  year.  The  difference  in  the  resistance  to  these  gage 
corner  developments  between  the  high-silicon  rail  and  standard  blue-end  rail  is  very 
slight  at  this  point  of  the  test.  As  a  matter  of  fact,  with  one  exception,  the  standard 
blue-end  rail  showed  little  progression  in   the  gage  corner  developments. 

Final  Report  of  the  Pennsylvania  Railroad  Service  Test  of  140  PS 
Chrome-Vanadium    Alloy    Rail 

A  test  of  chrome-vanadium  alloy  rails  to  evaluate  their  resistance  to  shelling  was 
installed  on  the  No.  1  track  of  the  Pittsburgh  Division,  east  of  Torrance,  Pa.,  between 
M.P.  298  -f-  °50  ft  and  M.P.  208  -f-  3325  ft  during  the  latter  part  of  October  1053.  The 
installation  is  on  the  High  Rocks  curve,  which  has  a  curvature  of  3  deg  52  min  and  an 
elevation  of  41/.  in.  This  test  of  140  PS  rail  is  described  extensively  in  the  Proceedings, 
Vol.  58,  pages  1029-1030. 

Inspections  of  the  test  indicated  early  in  1°54  that  chrome-vanadium  rail  was 
superior  to  standard  high-carbon  rail  in  resisting  flange  wear.  It  was  also  apparent 
within  the  first  year  that  the  development  of  head  checks  and  flaking  was  progressing 
at  a  slower  rate  in  chrome-vanadium  than  in  high-carbon  rail.  These  superior  qualities 
of  chrome-vanadium  rail  were  observed  consistently  throughout  the  test.  Progressive 
shelling  did  occur  in  chrome-vanadium,  but  to  a  much  lesser  extent  than  in  high-carbon 
rail.  The  black  spots  and  shells  in  standard  high-carbon  rail  were  found  in  May  1956 
at  67,000,000  gross  tons  of  traffic.  The  first  shell  in  chrome-vanadium  rail  appeared  10 
months  later  in  March   1057  at  85.000,000  gross  tons  of  traffic. 

Although    the    chrome-vanadium    rail    had    superior    wearing    qualities,    it    also    had 

serious  disadvantages.  The  ursl  serious  defect  in  the  chrome  vanadium  rail  was  observed 

in  October  1Q54  when  it  was  seen  that  the  gage  corner  on  the  receiving  end  of  rail  B2 
had  cracker!  out.  Fig.  1  -hows  a  typical  rail  end  failure.  Laboratorj  investigations  found 
the  defect  to  In-  ..i  .1  progressive  nature,  originating  at  an  oxide  inclusion  in  the  head. 
Subsequent  laboratory  examinations  on  similar  defects  tailed  to  develop  any  more  oxide 
inclusion-  of  any  importance  within  the  head  of  the  rail  and  no  more  of  the  failures 

could  be  attributed   In  this  Cause.  The  laboratory  indicated  that   cold   working  and  some 

what  low  ductiUtj   were  no  doubt  contributing  factors  to  the  rail  end  failures. 

While  the  ordinar)    laboratorj    tesl   of  chrome-vanadium  rail  did  nol  disclose  anj 

noticeable  lack  of  ductility.   Professor  Cramer  of  the  University  "t    Illinois  found  evi 

dence  of  low  impact  resistance  in  Charpy  test-  ,,n  unnotched  transverse  specimens  The 

type  of  failure,  a  horizontal  split  '  ,  in  or  more  below  the  rail  surface,  combined  in 
some  ca-es  with  a   vertical   split,  extending  from   the  rail  end  back    1    t<>   2   in.  shows  everj 

evidence  of  a  brittleness  or  low  resistance  to  impad   under  normal  service  conditions 
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Fig.  1 — Original  fracture.  Above — Horizontal  cap  removed  and  inverted. 
Below — Looking  down  on  the  horizontal  fracture.  Spalled  out  corner 
at  lower  left  side. 


to  which  a  receiving  rail  end  is  subjected.  This  observation  is  confirmed  by  the  Univer- 
sity of  Illinois  and  AAR  laboratory  reports  on  specimens  they  have  examined.  Brittle- 
type  failures  at  locations  other  than  the  rail  end  have  been  experienced  on  the  Norfolk 
&  Western  with  rails  from  the  same  heat.  This  type  of  failure  as  observed  on  both  test 
installations  is  illustrated  on  Figs.  1  and  2. 

The  final  inspection  was  made  in  October  1Q59  at  180,000,000  gross  tons  of  traffic 
of  this  test.  The  results  of  this  test  have  shown  the  chrome-vanadium  alloy  steel  of  the 
composition  used  to  be  unreliable.  Its  good  wearing  qualities  and  superior  resistance  to 
shelling  are  overshadowed  by  its  poor  resistance  to  impact. 
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Fig.  2 — Original   fracture.  Cap  removed  and   inverted. 
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Appendix  8-b 

Shelly  Rail  Studies  At  The  University  of  Illinois 

By  R.  E.  Cramer 

Research  Associate  Professor,   University  of  Illinois 

Organization  and  Acknowledgment 

The  shelly  rail  investigation  at  this  laboratory  is  financed  equally  by  the  American 
Railway  Engineering  Association  and  the  American  Iron  and  Steel  Institute. 

Jerry  Crum,  student  test  assistant,  has  worked  on  a  part-time  basis,  and  Marion 
Moore,  mechanic,  has  repaired  and  operated  the  rolling-load  machines. 

Rolling-Load  Tests  to  Produce  Shelling  in  136-Lb 
High  Silicon-Vanadium  Rails 

Four  rolling-load  tests  have  been  completed  on  high  silicon-Vanadium  rails  supplied 
by  the  Colorado  Fuel  and  Iron  Co.  The  chemical  analysis  of  these  rails  was  carbon 
0.75  percent,  manganese  0.73  percent,  silicon  0.88  percent  and  vanadium  0.13  percent. 
The  mechanical  properties  and  rolling-load  tests  are  listed  in  Table  1.  The  Brinell  hard- 
ness of  these  rails  was  329  and  327,  which  is  about  25  points  higher  than  the  average 
high-silicon  rail.  This  is  apparently  due  to  the  added  vanadium  .The  mechanical  strength 
is  also  high,  but  the  rolling-load  tests  of  one  rail,  No.  1201,  were  below  the  average 
for  high-silicon  rails.  The  other  rail,  No.  1200,  gave  rolling-load  tests  a  little  higher  than 
the  average  of  1,850,000  cycles  for  high-silicon  rails.  Cross  sections  of  the  four  rails 
which  have  been  tested  are  shown  in  Fig.  1. 

Test   Rails  of   High   Silicon-Chrome  Vanadium 

Rails  1202  and  1203  listed  in  Table  1  have  high  silicon,  0.66  percent,  together  with 
0.20  percent  chromium  and  0.12  percent  vanadium.  These  rails  also  have  high  Brinell 
hardnesses  of  329  and  330,  together  with  high  strength.  Only  two-rolling  load  tests  have 
been  completed  on  these  rails.  They  gave  1,682,000  cycles  and  5,805,000  cycles,  which  is 
a  rather  high  average. 

Rolling-Load  Test  to   Produce  Shelling  in  Flame  Hardened  Rails 

J.  A.  Bunjer,  chief  engineer,  Union  Pacific  Railroad,  has  supplied  four  more  flame- 
hardened  rails  for  rolling-load  tests.  These  are  similar  to  the  ones  described  in  last  year's 
report  published  in  AREA  Proceedings  Vol.  61,  page  877.  One  specimen  was  started  in 
the  rolling-load  machine  on  January  5th  and  failed  August  25th  at  11,501,000  cycles. 
It  did  not  develop  a  typical  laboratory-type  shelling  crack  but  instead  a  shallow  shell 
occurred  about  Y\  in  from  the  gage  corner.  This  method  of  flame  hardening  has  given 
exceptionally  long  laboratory  rolling-load  tests.  It  will  be  interesting  to  determine  if 
they  give  equally  long  life  in  track. 

Rolling-Load  Tests   of  Rails  Containing  Columbium 

Three  rails  are  listed  in  Table  1,  Nos.  1209,  1210,  and  1211  which  contain,  respec- 
tively, 0.015,  0.030  and  0.047  percent  columbium.  The  mechanical  properties  of  these 
rails  are  given.  The  strength  values  are  quite  similar  to  standard  carbon  rails  but  the 
percent  elongation,  percent  reduction  of  areas  and  charpy  values  indicate  that  these 
analyses  of  rail  steel  may  be  slightly  more  ductile  than  standard  carbon  rail  steel.  Only 
two-rolling  load  tests  of  these  rails  have  been  completed  on  rail  1211  containing  the 
highest  amount  of  columbium.  These  tests  ran  2,051,000  and  2,304,800  cycles  in  the 
rolling-load  machine. 
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Fig.    1 — Shelly   failures  produced  in  rolling-load   tests. 

Specimen                                                                        Average  Brinell  Cycles  of  SO, ,000-Lb 

Number                     Size  and  Kind  of  Rail                       Hardness  Wheel  Load 

1200A  136-lb  high  silicon-vanadium 329  1,979,100 

1200B  136-lb  high  silicon-vanadium 329  2,200,000 

1201A  136-lb  high  silicon-vanadium 327  1,035,700 

1202A  136-lb  high  silicon-vanadium 327  1,321,000 


Mechanical  Tests  of  Basic  Oxygen  Steel  Rails 

In  Table  1,  rails  Nos.  1206,  1207  and  1208  are  from  the  Algoma  Mill  made  by  the 
new  steel-making  process  known  as  basic  oxygen  melting.  A  more  complete  description 
of  these  rails  will  be  given  when  the  rolling-load  tests  are  completed. 

Failed   Shelly  Rail   From  Service 

Two  rails  that  had  been  induction  hardened  on  the  gage  corner  were  supplied  by 
the  Chesapeake  &  Ohio  Railway.  Both  rails  had  been  on  7-  or  8-deg  curves  and  carried 
only  about  29  to  34  million  gross  tons  of  traffic  after  being  induction  hardened  on  the 
gage  corner.  Another  similarly  treated  rail  has  been  received  from  the  Union  Pacific 
Railroad  which  developed  a  similar  failure  after  about  45  million  gross  tons  of  traffic. 

Fig.  2  shows  one  of  the  rails  from  the  C&O.  Shelling  cracks  had  developed  in  the 
steel  below  the  hardened  areas  as  observed  in  parts  a  and  b.  Part  c  shows  the  hardened 
area  with  Rockwell  C  readings  of  37,  38,  and  39  in  the  hard  areas.  It  appears  that 
there  are  internal  strains  in  the  induction-hardened  rails  which  develop  into  shelling 
after  comparatively  short  service  in  track. 

Rolling-Load  Tests  to   Produce  Detail  Fractures   from  Shelling 

Five  specimens  have  been  tested  to  produce  detail  fractures  from  shelling.  These 
are  the  same  rails  listed  in  Table  1,  except  No.  1195  was  listed  in  1959.  Fig.  3  shows  the 
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Fig.   2 — Induction-hardened   gage   corner   that  developed  shelling. 

a.  Gage  corner  shelling. 

b.  Etched  cross  section  showing  shelling  crack  below  hardened  zone. 

c.  Rockwell   C   readings   in   hardened   zone. 


small  detail  fractures  produced  from  large  shelling  cracks  and  also  lists  the  cycles  to 
produce  the  failures  as  from  1,780.400  to  2,87b,.<00  cycles.  These  tests  are  in  line  with  all 
laboratory  tests  in  this  rolling  machine  where  the  specimen  bends  considerably.  Under 
these  conditions  more  cycles  usually  are  required  to  produce  a  detail  fracture  from 
shelling  than  is  required  in  the  laboratory  test  to  produce  shelling  only.  During  the  past 
9  years  tests  have  been  reported  on  57  rails  tested  in  the  machine  to  produce  detail 
fractures.  Fifty-two  different  detail  fractures  were  produced.  Some  were  very  typical  of 
those  produced  in  track.  Others  developed  from  a  fin  on  the  gage  corner.  None  of  the 
detail  cracks  developed  to  be  very  large  because  the  heavy  wheel  load  of  50,000  II) 
would  fracture  the  end  off  the  rail.  This  machine  was  originally  described  in  AREA 
Proceedings.  Vol.  S3  (1952),  pages  900  and  °U.  It  was  a  cradle  type  machine  with  10-in 
stroke.  The  cradle  will  hold  a  22  in  long  specimen.  These  rolling-load  tests  to  produce 
detail  fractures  haw-  now  been  stopped.  The  machine  was  converted  to  a  7-in  stroke, 
and  it  will  be  used  to  test  the  several  types  of  rails  waiting  lor  rolling  load  tests  t"  pro 
fluce  shelling  only. 

Summary 

1.  Four  rolling  load  tests  of  high  silicon-vanadium  rails  averaged  1,850,000  cycles 

2.  Two    similar    tests    of    high    -ili< on-chromium-vanadium    rails    ran    1.682,000   and 
5,805.400  cycles. 

3.  One  more  test   of  Standard  Carbon  rails  flame  hardened  by  the  Union  Padfil    Kail 
road  ran  11,501,100  cycles. 

4.  Two  rails  containing:  n.(>47  percent   columbium  ran  2,051,000  an.'  cycles, 

and   the   rails  developed   excessive   flow   at    the   L'.iL'c  corner 
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Fig.   3 — Detail   fractures   from  shelling  produced  in  the  laboratory. 

Cycles  of 
Specimen  Type  of        Average  Brinell    50,000-Lb 

Number  Size  and  Kind  of  Rail  Fracture  Hardness        Wheel  Load 

1200  136-lb  high  silicon-vanadium S'%  D.  F.  320  1,780,400 

from  Shelling 

1201  136-lb  high  silicon-vanadium 5%D.F.  327  2,876,300 

from  Shelling 

1204  136-lb  high  silicon-vanadium 5%  D.  F.  305  2,514,900 

from  Shelling 

1205  136-lb  high  silicon-vanadium 5%  D.  F.  311  1,604.400 

from  Shelling 

1195  133 -lb  extra  high  silicon 5%D.F.  322  1,415,000 

from  Shelling 


5.  A   discussion   and   pictures   are  shown   of   induction-hardened   rails   from   service. 
This  method  of  treatment  did  not  prevent  early  shelling  failures. 

6.  Five  specimens  were  tested  to  develop  detail  fractures  from  shelling.  This  type  of 
testing  has  now  been  stopped. 
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Report  on  Assignment   10 

Service   Performance  and   Economics  of  78-Ft   Rail; 
Specifications  for  78-Ft  Rail 

Collaborating  with  Committee  5 

A.  P.  Talbot  (chairman,  subcommittee),  W.  D.  Almy,  S.  H.  Barlow,  B.  Bristovv,  R.  E. 
Catlett,  Jr.,  L.  S.  Crane.  W.  J.  Cruse,  D.  T.  Fades,  O.  E.  Fort,  C.  J.  Henry,  S.  R. 
Hursh.  J.  C.  Jacobs,  \V.  M.  Jaeklc,  Ray  McBrian,  B.  R.  Meyers,  C.  F.  Parvin, 
R.  B.  Rhode,  \V.  D.  Simpson,  H.  F.  Smith,  R.  P.  Winton,  W.  L.  Young. 

This  is  a  progress  report,  submitted  as  information,  covering  the  service  test  of 
rail  laid  in  7S-ft  lengths  on  the  Illinois  Central  Railroad  in  the  southward  main  track 
(No.  1  of  three  tracks)  south  of  Monee  and  Peotone,  111. 

The  test,  including  preparation  of  the  report,  is  being  carried  out  by  the  AAR  Engi- 
neering Research  Division  under  the  direction  of  G.  M.  Magee,  director  of  engineering 
research,  with  direct  supervision  by  H.  E.  Durham  research  engineer  track,  assisted  by 
members  of  his  staff. 

Foreword 

This  test  on  the  IC  was  established  in  1956  with  132  RE  rail,  primarily  for  the 
purpose  of  determining  an  adequate  arrangement  of  rail  anchors  to  control  rail  creepage 
better  and  to  obtain  an  improved  rail  gap  uniformity,  as  the  rail  anchorage  used  in  the 
original  test  installations  in  1052  on  the  Pennsylvania  Railroad  near  Hamlet,  Ind.  and 
on  the  Chicago  &  North  Western  Railway  near  Calamus,  Iowa  did  not  adequately  con- 
trol rail  creepage.  Previous  reports  may  be  found  in  Proceedings,  Vol.  58,  1957,  page 
104S;  Vol.  59,  1°58,  page  9Q2;  Vol.  60,  1059,  page  972  and  Vol.  61,  1960,  page  883. 

Discussion  of  Test  Data 

\-  stated  in  the  last  previous  report,  the  gaps  in  the  test  mile,  M.  P.  34.7-35.7,  and 
in  the  east  rail,  M.  P.  42.0-42.5,  were  adjusted  in  November  1Q5S  due  to  the  rail  having 
been  laid  tight  in  August  1956  at  high  temperature.  Bar  diagrams.  Figs.  1  and  2.  show 
the  results  obtained  in  the  second  set  of  winter  and  summer  gap  readings  since  the 
adjustment.  All  of  the  bolts  were  retightened  in  both  test  sections  during  August  1050 
with  approximately   115  deg  rail  temperature.  All  of  the  open  joints  were  closed. 

Winter  gaps  in  the  test  mile,  as  obtained  on  February   12,  1960  at   7  deg   (Fig.   1  I, 
show  average  width  of  0.12  in  for  the  west  rail  and  0.25  in  for  the  east   rail,  compared 
with  0.33  in  for  each  rail  at  -1.5  deg  <>n  February  6,   1050  and  0.42  in  and  0.43  in,  re 
spectively,  fur  the  west  and  east  rail<  at  2  deg  <>n  January  3,  1958  before  adjustment 
of  the  gaps  was  made. 

The  average  of  summer  gaps  in  the  two  test  sections  was  not  materially  changed 
by  the  adjustment  of  gaps  in  November  1958,  except  the  east  rail  of  the  J4  mile  which 
was  laid  tight  at  117  deg  in  1056.  The  joints  in  this  rail  that  would  not  dose  at  high 
temperature-,  before  adjustment,  now  have  summer  gaps  comparable  to  the  other  joint- 
measured. 

Conclusions 

The  anchorage  in  the  test  mile,  i v..  alternate  lie-  boxed,  will  give  Satisfactory  re- 
sults with  78  it  rail  provided  that  it  is  laid  with  expansion  required  to  have  it  tight  ai 
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Winter  -  February  12,1960 


West  Roi 


67   Joints 


Eost  Rail  -  67   Joints 


Avg.  Rail  Temp      7° 
Avg  Joint  Gap       0.12" 
Roil  laid  tight  at  about  110°,  Aug.  1956 
Gaps  adjusted   Nov.  19,1958  to  avg.  of 
0,18"  ot  50°.    Avg.  reduction  0.15" 


ILJIn 


Avg.  Roil  Temp     7  ° 
Avg   Joint   Gap     0.25" 
Rail  laid  tight  at  about  110°,  Aug.  1956.    Gaps 
adjusted  Nov. 18, 1958   to  nvg  of  O.I9"at 48° 
Avg     reduction     0.13". 

M  P  34.7-  35  7  has  rail  anchors  boxed  on 
alternate  ties    (44  per  78  ft  rail) 
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Summer  -July  29,1960. 


Avg.  Rail  Temp.    114° 
Avg.  Joint  Gap     0.03" 
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Avg.  Rail   Temp.    114° 
Avg   Joint   Gap     0  02" 
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Joint    Gap  in    Hundredths   of    on   Inch 


Fig  I.   Summer  and  Winter  Joint  Gap  Measurements  in  78 ft  Rail,  MP. 34.7-35.7 
ICRR,  between  Monee  and  Peotone,  Illinois. 
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Winter-    February  12,  I960 


West  Roil  -  34  Joints 


Eost  Roil  -  33  Joints 


Avg.  Roil  Temp       6  " 
Avg  Joint  Gap       0.15" 
Roil  laid  tight  ot  75°,   Aug   16,  1956 


Anchored    22-8  pfer  78ft.  rail 
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nnn. 


Avg  Roil  Temp     6" 
Avg   Joint  Gap      0.10" 
Roil  laid  tight  at  U7°,  Aug, 15,1956.  Gaps 
adjusted   Nov  24, 1958  to  avg  of  0.15" 
at  55".  A/g    reduction     0  15" 
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Fig  2.   Summer  and  Winter  Joint  Gap  Measurements  in  78ft  Rail,  M.R  42"  425 
ICRR  between  Monee  and  Peotone, Illinois. 
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85  deg.  If  this  length  of  rail  is  laid  at  an  average  temperature  appreciably  in  excess  of 
85  deg,  it  is  desirable  that  provision  be  made  for  driving  up  the  expansion. 

Because  joint  slippage  resistance  is  required  to  keep  the  joints  from  opening  too 
much  in  the  winter,  especially  in  78-ft  rail,  it  is  important  that  the  track  bolts  be  re- 
tightened  with  the  frequency  necessary  to  avoid  wide  rail  gaps. 

Proposed  Expansion  for  Laying  78-Ft  Rail 

In  the  preceding  paragraph  it  was  suggested  that  78-ft  rail  be  laid  tight  at  85  deg 
rail  temperature,  using  shims  to  that  end  when  the  rail  is  below  85  deg. 

At  present,  Committee  5 — Track,  has  under  consideration  tables  of  temperature  ex- 
pansion for  laying  33 -ft,  39-ft  and  78-ft  rails  which  provide  for  these  rails  to  be  laid 
tight  at  85  deg,  thus  no  shims  are  used  over  that  rail  temperature. 

The  proposed  table  for  78-ft  rail  follows: 

68  Joints  Per  Mile 

Rail  Temperature  Expansion 

Deg  F  In 

Below  35  i :'.; 

35  to  47    Va, 

48  to  60     ts 

61  to  73    Ms 

74  to  85    is 

Over  85   None 

Acknowledgement 
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Report  on  Assignment  11 

Rail   Damage  Resulting  from  Engine  Burns;   Prevalence  Means 
of  Prevention;  Repairs  by  Welding 

C.  E.  Morgan  (chairman,  subcommittee),  F.  W.  Biltz,  C.  J.  Code,  C.  A.  Colpitts,  L.  S. 
Crane,  W.  J.  Cruse,  G.  H.  Echols,  O.  E.  Fort,  C.  E.  R.  Haight,  V.  E.  Hall,  T.  B. 
Hutcheson,  J.  C.  Jacobs,  K.  K.  Kessler,  Lee  Mayfield,  Rav  McBrian,  C  F.  Parvin, 
C.  R.  Riley,  W.  D.  Simpson,  R.  P.  Winton. 

The  accompanying  table  shows  in  the  first  column  the  total  number  of  wheel  burn 
welds  made  by  the  roads  which  kept  such  records.  There  were  many  more  wheel  burn 
welds  made  on  other  roads  which  permit  such  welding  but  which  did  not  keep  records 
on  the  number  welded.  The  table  also  lists  for  the  first  time  a  number  of  roads  which 
kept  records  on  wheel  burns  welded  in  1959. 

One  road  now  making  extensive  use  of  a  grinding  train  has  discontinued  welding 
wheel  burns  after  locating  progressive  breaks  in  40  engine  burns  by  use  of  a  detector 
car.  Grinding  off  the  buildup  adjacent  to  the  burn  and  making  several  grinding  passes 
on  the  rail  reduces  the  length  of  short  burns;  however  the  few  deep  burns  made  by 
diesels  are  still  a  problem. 

Efforts  to  clean  rails  to  reduce  or  eliminate  driver  slip  by  adding  a  solution  to  cut 
grease  have  so  far  indicated  that  the  rail  needs  to  be  cleaned  after  every  few  trains, 
making  the  cost  prohibitive. 
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Pamphlets  and  movies  used  in  an  attempt  to  gel  across  to  the  locomotive  engineers 
the  importance  of  preventing  engine  burns  have  been  of  some  value,  but  the  best  results 
seem  to  be  obtained  by   personal  contact  and  instruction  by  supervisors. 

Response  to  a  questionnaire  indicates  that  fewer  engine  burns  are  being  accumulated 
with  diesel  engines  than  with  steam;  however,  the  matter  of  engine  burns  is  still  one  of 
importance,  and  particular  concern  has  been  expressed  with  respect  to  burns  on  con- 
tinuous welded  rail. 

It  is  the  view  of  the  committee  that  no  satisfactory  substitute  has  been  developed 
for  the  repair  of  engine  burns  by  welding,  and  the  continued  use  of  this  process,  properly 
supervised,  is  recommended.  Close  supervision  to  gel  welds  of  best  quality  is  of  extreme 
importance. 

The  number  of  failed  welded  engine  burns  compared  to  the  total  number  estimated 
to  be  in  track  is  relatively  small  when  we  consider  the  number  of  engine  burn  fractures 
which  are  reported  each  year  where  burns  have  not  been  welded. 

Welded  Engine  Burns  and  Failures 


Faili  d  ir>  hi,  ,1  Engine 

Engint  Burns 

Burns 

Burns  During  1959 

Railroad 

Welded  Prior 
to  1969 

Welded 
in  1959 

Ri  marks 

I),  i,  cted 

s 

\  T&SF 

64,980 

25.682 

c 

II 

B&( ) 

1  .  223 

87 

n 

0 

( \v-<  1 

35,840 

5.003 

n 

0 

C&NW 

11 .029 

1  .698 

(I 

II 

D&H 

7  855 

82 

n 

II 

EJ&E 

14.401 

1.973 

0 

0 

[C 

12,  155 

8  54fi 

0 

II 

PRR 

229 .  233 

31  .  168 

1(1 

3 

RF&P 

1 7  .  '.H  1 

ii 

(1 

(i 

StL  SF 

2,104 

644 

0 

0 

SAL 

10,981 
Records  disco 

3.655 
itinued 

I) 

0 

Southern 

SP 

177 
(1 

(1 
II 

II 

MP 

Usee  grinding  train  DOW. 

StLSW 

2  930 

2.000 

1  ,099 

300 

1) 
II 
(1 
0 

n 
0 

ii 
0 

NYC 

NP 

Wheel  burns  are  welded 

in  continuous  welded 

rail  only. 

\Y\IUIi 

8 

II 

0 

\  ,v  W 

6,271 

I  .  223 

0 

II 

6 

Totals 

444.913 

89.275 

10 
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To  the  American  Railway  Engineering  Association: 

Your  committee   reports  on  the   following  subjects: 

1.  Revision  of  Manual. 

Revision  of  specifications  for  both  low  carbon  and  high  carbon  steel  tie 
plates  and  for  soft  steel  and  high  carbon  steel  track  spikes  to  permit  spec- 
tographic  analysis,  together  with  changes  in  bend  test  requirement  in  spike 

specifications,  submitted  for  adoption    page  643 

Appendix  1-a,  Temperature  Expansion  for  Laying  Rail,  presented  as  in- 
formation       page  645 

2.  Track  tools,  collaborating  with  Purchases  and  Stores  Division,  AAR. 
Specifications  for  steel  drive  spike*  and  plans  for  drive  spikes  offered  for 

adoption    page  <>4  7 

3.  Standardization  of  trackwork  plans,  collaborating  with  Signal  Section,  A  \K 

Progress  report,  submitted  as  information    page  653 

Appendix  3-a,  Service  Tesl  "i  Solid  Manganese  Steel  Crossing  Frogs  with 

Prestressed   Concrete   Support    Versus   Umbers    pa| 

Appendix  3-b,  Laboratory  Tests  of  Hadfield  Manganese    Hackwork  Casl 

ings  Hardened  b)    the   DuPonl    Explosive  1' :ss         page 
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4.  Prevention  of  damage  resulting  from  brine  drippings  on  track  and  struc- 
tures, collaborating  with  Committee  IS,  and  Mechanical  Division,  AAR. 
Progress  report,  submitted  as  information  page  663 

5.  Design  of  tie  plates,  collaborating  with  Committees  3  and  4. 

Progress  report,  submitted  as  information  page  665 

6.  Hold-down  fastenings  for  tie  plates,  including  pads  under  plates;  their  effect 
on  tie  wear,  collaborating  with  Committee  3. 

Progress  report,  submitted  as  information  page  666 

7.  Effect  of  lubrication  in  preventing  frozen  rail  joints  and  retarding  corrosion 
of  rail  and  fastenings. 

Progress  report,  submitted  as  information  page  670 

8.  Laying  rail  tight  with  frozen  joints. 

Progress  report,  submitted  as  information   page  671 

9.  Critical  review  of  the  subject  of  speed  on  curves  as  affected  by  present-day 
equipment,  collaborating  with  the  AAR  Joint  Committee  on  Relation  Be- 
tween Track  and  Equipment. 

It  was  impossible  to  make  certain  tests  that  were  planned  for  1960  due  to 
unavailability  of  equipment ;  therefore,  no  report  is  offered.  Your  commit- 
tee recommends  the  subject  be  continued. 

10.  Methods  of  heat  treatment,  including  flame  hardening,  of  bolted  rail  frogs 
and  split  switches,  together  with  methods  of  repair  by  welding. 

Progress  report,  submitted  as  information  page  673 

11.  Use  of  rubber  or  composition  plates  under  insulated  joints,  collaborating 
with  Signal  Section,  AAR. 

This  subject  is  being  studied  under  Assignment  S. 

12.  Develop  a  standard  plan  for  a  drive  screw  spike  with  a  7/%  in  square  head. 
This  plan  is  being  presented  as  part  of  Assignment  2. 

The  Committee  on  Track, 
Stuart  H.  Poore,  Chairman. 

AREA  Bulletin  563,  February  1961. 

MEMOIR 

Jftrmtn  3f.  JStafcop 

Firmin  J.  Bishop,  retired  chief  engineer  of  the  Akron,  Canton  &  Youngstown  Rail- 
road, and  Member  Emeritus  of  Committee  S,  passed  away  March  7,  1960,  at  Vero 
Beach,  Fla.,  after  a  long  illness.  He  is  survived  by  his  wife,  Ruth;  two  daughters,  Mrs. 
Marie  Guerin  and  Mrs.  Zoanne  Flickinger;  and  four  sons,  Firmin  J.  Jr.,  Dr.  John, 
William  and  Richard  Bishop.  To  them,  the  members  of  Committee  5  and  the  AREA 
express  their  sincere  and  deeply  felt  sympathy. 
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Mr.  Bishop  was  born  on  May  -'7,  1S«4  at  Sauk  Ste  Marie.  Midi    He  was  B  graduate 
of  the  University  of  Michigan,  Class  of   1017,  receiving  a   B.S.  degree  in  mil  engineer 
ing.  In  1922  he  completed  a  course  in  the  Alexander  Hamilton   Institute. 

He  entered  railway  service  with  the  Lake  Superior  and  Ishpeming  Railroad  as  an 
assistant  engineer  in  1°17.  and  was  advanced  to  the  position  of  assistant  chief  engineer 
which  he  held  until  1922. 

He  entered  the  service  of  the  Ann  Arbor  Railroad  in  1922,  subsequently  holding  the 
positions  of  assistant  chief  engineer,  acting  chief  engineer  and  engineer  maintenance  of 
way.  From  1927  to  1937  he  held  the  positions  of  engineer  of  signals,  bridges  and  build- 
ings on  the  Toledo  Terminal  Railroad.  He  also  was  engineer  maintenance  of  way  on  the 
Toledo  Terminal  Railroad  from  1933  to  1946.  In  1046  he  became  chief  engineer  of  the 
Akron,  Canton  &  Youngstown  Railroad  and  continued  in  that  position  until  his  retire- 
ment in  1959. 

Mr.  Bishop  was  prominent  in  railroad  engineering  circles.  He  joined  the  AREA  in 
1924  and  after  35  years  of  faithful  service  became  a  Life  Member  in  1°5Q. 

He  served  on  Committee  11 — Engineering  and  Valuation  Records,  1027;  Commit- 
tee 3 — Ties,  1928;  Committee  5 — Track,  1935;  Committee  22 — Economics  of  Railway 
Labor,  from  1935  to  1948;  Committee  13 — Water,  Oil  and  Sanitation  Services.  1938;  and 
Committee  5 — Track,  1047  until  the  time  of  his  death.  He  was  chairman  of  Commit- 
tee 5,  1950-1952. 

Mr.  Bishop  was  an  outstanding  railroad  engineer  and  was  keenly  interested  in  the 
work  of  the  AREA.  He  had  a  broad  background  of  experience  and  great  ability  and 
gave  generously  of  his  time  to  committee  work.  His  friendly  interest  in  the  activities  of 
his  associates  endeared  him  to  all. 

The  committee  feels  keenly  its  loss  in  his  passing  and  he  will  be  remembered  with 
deep  affection. 

C.  E.  Pktkrson,  Chairman 
W.  E.  Cornell 
J.  S.  Parsons 

Committee   on    Memoir 


Report  on  Assignment   1 

Revision  of  Manual 

R.  J.  Hollingsworth  (chairman,  subcommittee),  R.  I  Bruce,  M.  I>  Carothers,  I'  II 
Croft,  M.  J.  Hassan,  A.  B.  Hillman,  A.  F.  Hubcr.  H.  W.  Jensen,  I.  \  Pelton, 
S.  H.  Poore,  R.  E.  Sampson,  G.  R.  Sproles.    Troy  West 

Your  committee  submits  for  adoption  changes  in  the  Specifications  foi  Low  Carbon 
Steel  Tic'  Plates,  High-Carbon  Steel  Tie  Plates,  Soft  Steel  Cut  Track  Spikes,  and  High 
Carbon  Steel  Track  Spikes,  to  in  permit  spectographic  analysis  a-  an  acceptable  means 
of  determining  chemical  composition.  (2)  set  the  pin  diameter  for  bend  tests  at  "not 
greater  than"  the  thickness  ,,|  specimens,  and  (3)  allow  retesi  on  suit  steel  track  spik. - 
and  high-carbon  steel  track  spikes  as  is  now  allowed  in  the  specifications  tor  tie  plates 

The  specific  recommendations  are  a-   follows 
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Pages  5-1-1   to   5-1-3,  incl. 

SPECIFICATIONS   FOR   LOW-CARBON   STEEL  TIE   PLATES 

Rcapprove  with  the  following  revisions: 

Page  5-1-1  Sec.  B,  Par.  2.  Change  second  sentence  to  read:  "This  analysis  shall  be 
made  from  a  test  ingot  taken  during  the  pouring  of  the  heats." 

Par.  3.  Change  the  word  "melt"  to  "heat"  in  first  sentence.  Change  second  sentence 
to  read:  "This  analysis  shall  be  made  from  a  test  ingot  taken  during  the  pouring  of  the 
heats." 

Page  5-1-2,  Sec.  B,  Par.  4.  Change  the  word  "melt"  to  "heat"  in  two  places. 

Page  5-1-2,  Sec.  C,  Par.  1.  Change  the  words  "equal  to"  to  "not  greater  than." 

Par.  3.  Change  the  words  "equal  to"  to  "not  greater  than." 

Par.  4  (a).  Change  "melt"  and  "melts"  to  "heat"  and  "heats." 

Pages  5-1-4  to  5-1-6,   incl. 

SPECIFICATIONS   FOR  HOT-WORKED,   HIGH-CARBON 
STEEL  TIE  PLATES 

Reapprove  with  the  following  revisions: 

Page  5-1-4  Sec.  B,  Par.  2  (a).  Change  second  sentence  to  read:  "This  analysis  shall 
be  made  from  a  test  ingot  taken  during  the  pouring  of  the  heat."  Also,  change  "melt"  to 
"heat"  in  first  sentence. 

Par.  2  (b).  Change  "melt"  to  "heat." 

Page  5-1-5,  Sec.  C,  Par.  2.  Change  the  words  "equal  to"  to  "not  greater  than." 

Par.  4.  In  the  second  sentence  change  the  words  "equal  to"  to  "not  greater  than," 
and   change    "specimen"   to    "section." 

Par.  5   (a).  Change  "melt"  and  "melts"  to  "heat"  and  "heats." 

Pages  5-2-1  and  5-2-2 

SPECIFICATIONS   FOR    SOFT-STEEL   CUT   TRACK   SPIKES 

Reapprove  with  the  following  revisions: 

Page  5-2-1,  Sec.  B,  Art.  1  (b).  Change  "melt"  to  "heat"  in  the  first  sentence. 
Change  the  second  sentence  to  read:  "This  analysis  shall  be  made  from  a  test  ingot 
taken  during  the  pouring  of  the  heats." 

Art.  1  (c).  Change  "melt"  to  "heat"  in  the  first  sentence.  Change  the  second  sentence 
to  read:  "This  analysis  shall  be  made  from  a  test  ingot  taken  during  the  pouring  of  the 
heat." 

Page  5-2-2,  Sec.  C.  Designate  the  third  paragraph  as  Par.  (c). 

Add  the  following  paragraph,  to  be  designated  as  Par.  1   (d). 

"(d)  Spikes  represented  by  bend  tests  failing  to  meet  the  above  requirements  of 
either  Pars.  1  (a)  or  1  (b)  may  be  annealed  and  resubmitted.  If  the  spikes  fail  to  meet 
the  third  test  they  shall  be  rejected." 

Pages  5-2-3  and  5-2-4 

SPECIFICATIONS  FOR  HIGH-CARBON  STEEL  TRACK  SPIKES 

Reapprove  with  the  following  revisions: 

Page  5-2-3,  Sec.  B,  Art.  1    (b).  Change  "melt"  to  "heat"  in  first  sentence.  Change 
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the  second  sentence  to  read:  "This  analysis  -'hall  be  made  from  a  test  Lngol  taken  during 
the  pouring  of  the  heats." 

Art.  4   (a).  Change  the  words  "equal  to"  to  ''not  greater  than." 

Page  5-2-4,  Sec.  B,  Art.  4.  Add  new  Par.  (d)  reading: 

"(d)  Spikes  represented  by  bend  tests  failing  to  meet  the  above  requirements  ol 
either  Art.  4  (a)  or  4  (b)  may  be  annealed  and  resubmitted.  If  the  spikes  fail  to  meet 
the  third  test,  they  shall  be  rejected. 

Your  committee  also  submits  for  adoption  the  following  recommendation  with  re- 
spect to  the  specifications  for  laying  rail: 

Pages  5-5-1   to  5-5-3,  incl. 

SPECIFICATIONS  FOR  LAYING  RAIL 

On  page  5-5-1,  delete  the  table  showing  the  several  classes  of  rail,  substituting  there 
for  the  revised  table  presented  below  (which  has  been  approved  by  Committee  S  in 
collaboration  with  and  upon  the  recommendation  of  Committee  4 — Rail): 


Class  of  Rail 

Simulant  /..  nglh 

Color  or 
Design 

r,, 

No.  1 — low  carbon 

39 
39 

Uncolored 
Blue  end 

Vellow  end 

( in-ill  end 
White  end 
Hiown  cnil 

Any  track 

No  restriction. 

Preferably  cun  ea 

Any  track 

Any  track 

Any  track 

Where  designated  by  chiel 

tenance  officer 

Xo.  1 — "A"  Rails 

Xo.  2 

X-Rayls 

39  or  under 
39  or  under 

main- 

Appendix   1-a 
Temperature  Expansion  for  Laying  Rails 

This  report  is  submitted  for  consideration  by  the  Association  with  the  view  that  the 
material  now  in  the  Manual  may  be  revised  in  the  future  to  permit  laying  rail  tighter, 
as  suggested,  or  as  agreed  upon  later. 

The  following  expansion-shim  Table  A  for  33-fl  rail  was  in  the  AREA  Manual  or 
Proceedings  from  1901  to  the  convention  held  in  March  1931,  at  which  time  Table  B 
was  adopted  for  33-ft  rail  and  Table  C  for  .*Q-ft  rail.  The  information  in  Tables  B  and  C 
is  still  in  the  Manual. 

I  1  UI'ERATURE    EXPANSION    FOR    LAYING    RAILS 
Tumi     \  Fl    K\n      ADOPTED    1901,   Vol     2.   PACE    1°0 

Temperature 

of  Ruil  I  i  pansion, 

Deg  F  inches 

—20  to  0   

0   to      25    

25    to      50    

50    to      75     

75    to    100    

Over  100   Lay  i  lose 

without 
bumping 
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Table  B— 33-Ft  Rail.  Adopted  1931,  Vol.  32,  page  155 

160  Joints 
Per  Mile 
Temperature  33-Ft  Rails 

of  Rail  Expansion, 

Deg  F  Inches 

0  to   25    & 

26  to  SO   % 

51   to   75    y8 

76  to   100   & 

Over    100    None 

Table   C— 39-Ft  Rail.  Adopted   1931,  Vol.  32,  page   155 

135  Joints 

Per  Mile 
Temperature  39-Ft  Rails 

of  Rail  Expansion, 

Deg  F  Inches 

0  to   25    J4 

26   to   50   & 

51    to   75    y8 

76  to   100   -h 

Over    100    None 

Other  than  the  above,  the  only  Manual  material  on  this  subject  from  1901  to  date 
appears  in  the  1929  Manual  where  it  was  placed  on  the  basis  of  action  taken  by  the 
convention  in   1925,  Proceedings,  Vol.  26,  page  555,  as  follows: 


Temperature  Expansion  for  Laying  Rails 

160  Joints  135  Joints 

Temperature                                                                 per  Mile  per  Mile 

of  Rail                                                                       33-Ft  Rails  39-Ft  Rails 

Deg  F                                                                         Inches  Inches 

—20   to   0    •&  H 

0  to  25    y  & 

25    to   50      i3«  372 

50  to  75    y  y& 

75   to   100    tV  tV 

Over   100    Laid  close  Laid  close 


117  Joints 

per  Mile 

45-Ft  Rails 

Inches 


y 

Laid  close 


In  recent  years  it  has  been  determined  that  by  using  AREA  track  bolt  tension 
recommended  with  the  current  design  of  joint  bars,  joint  slippage  resistance  is  much 
larger  than  with  the  previous  lightweight  rail  and  joint  bars.  Generally,  full  ballast  sec- 
tions are  maintained  in  main  track. 

Table  1  includes  as  Part  A  the  present  AREA  recommended  practice,  Manual  page 
5-5-4,  and  as  Part  B,  suggested  expansion  tables  for  33 -ft,  39-ft  and  78-ft  rails,  based 
on  laying  the  rails  without  expansion  when  the  rail  temperature  is  over  85  F.  The  table 
for  78-ft  rail  is  included  for  the  reason  that  a  number  of  railroads  are  presently  laying 
a  significant  amount  of  rail  in  that  length.  Several  roads  using  continuous  welded  rail 
lay  78-ft  rail  on  curves  where  the  rails  will  be  transposed.  While  some  railroads  are 
laying  78-ft  rail  with  the  same  expansion  allowed  for  39-ft  rail,  it  is  believed  that  the 
proposed  table  will  be  reasonable  as  far  as  buckling  forces  are  concerned. 

Although  33 -ft  rail  is  no  longer  standard,  the  table  can  be  used  when  laying  rail 
that  has  been  cut  below  the  39-ft  length. 


T  i  .1  r  k 
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Table  l — Temperature   Expansion   tor  Laying  Rails 

Part   A — AREA    Recommended   Practice,    Manual    paw   5-5-4 

160  Joints 
Temperature  p,r  Mile 

of  Rail  33-Fi  Rails 

DegF  hie  lies 

0  to  25   ft 

26  to  50   % 

51   to   75    y% 

76  to  100   fa 

Over   100    None 


135  Joints 
per  Mile 
39 -Ft  Rails 
Jin  h< 

% 


None 


Part  B — Proposed   Revision  of  the  Above 


160  Joints  Per  Mile 
33-Fi  Rail 
Rail 

Temperature       Expansion 
Deg  F  Inches 

Below  —  10 

—  10   to    14    ■  , 

15  to  34   ft 

35   to  5Q    % 

60  to  85    fa 

Over  85    None 


135  Joints  Per  Mile 

39-Ft  Rail 
Rail 
Temperature     Expansion 
Deg  F  Inches 

Below  6    •& 

6   to   25    % 

26  to  45    ,:!,; 

46  to   65    '  s 

66  to  85   

Over  85   None 


68  Joints  Per  M He 
78-Ft  Rail 


Rail 
Temperature        Ex  pan  Hon 
Deg  F  Inches . 

Below  35  tV 

35    to    47  

48    to    60  ft 

01    to    73  Vs 

74    to    85  ft 

Over    85  None 


Obviously,  many  of  the  railroads  may  deviate  from   the  expansion   tables  especiallj 
where  unusually  high  and/or  low  rail  temperatures  prevail. 

Part    B    of   Table    1    is   suggested    for   consideration   as   prospective    Manual    material 


Report  on  Assignment  2 
Track  Tools 


Collaborating   with   Purchases   and   Stores   Division,   AAR 

C.  E.  Peterson  (chairman,  subcommittee),  W.  R.  Bjorklund,  E.  E.  Brady,  R.  J.  Bruce, 
W.  E.  Cornell,  K.  E.  Dunn,  H.  C.  Fox.  A.  E.  Haywood,  ('.  \  King.  J.  E.  Martin. 
C.  J.  McConaughv,  M.  P.  Oviatt,  S.  H.  IN. ore.  R  E.  Sampson,  V.  M.  Schwing. 
J.  R.  Talbott.  Jr.  Troy  West,  I).  .1    White,  J.  B.  Wilson,  B.  J.  Worley. 

Previously,  your  committee  has  presented  as  information  progress  reports  on  the 
standardization  of  the  head  size  and  shape  for  drive  -pike-,  with  a  view  of  developing 
a  tee  handle  socket  wrench  requiring  onlj  one  type  of  socket  that  would  be  suitable 
for  them  (Proceedings,  Vol.  58,  1957,  page  835;  Vol.  59,  1958,  page  1008;  Vol.  61, 
I°o0,  page  933).  Comments  and  criticisms  thereon  were  invited. 

The  heads  for  the  drive  -pike-  were  standardized  in  1958,  being  :-  in  square  at  the 
base  and  tapering  to  H  in  square  at  the  top.  A  tee  handle  drive  -pike  extractor  socket 

wrench    was  designed    to    lit    them,   designated   as   AREA    Plan    >      61 

The  shank  for  the  drive  -pike-  was  standardized  in  I960,  and  plan-  were  prepared 

for   the   6-in   cone  neck    drive    -pike-   with     \l    in   and    V\    in    nominal   diameter-   which   ale 

used  for  plate  fastenings  on  switches,  frogs,  guard  rails,  et<     Plans  were  also  prepared 
for   the   timber  drive   spikes  of   various   lengths   having         in,  in,  In    ind 

nominal  diameters.  In  addition  specifications   for  drive  -pike-  were  prepared 
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Manual  Recommendations 

Your  committee  submits  for  adoption  and  publication  in  the  Manual  in  a  new  Mis- 
cellaneous Part  for  Chapter  S,  the  following  specifications  and  plans  for  steel  drive 
spikes : 

SPECIFICATIONS    FOR    STEEL    DRIVE    SPIKES 
A.  MANUFACTURE 

The  steel  shall  be  made  by  one  or  more  of  the  following  processes:  open  hearth, 
electric-furnace  or  acid-bessemer. 

B.  CHEMICAL  PROPERTIES  AND  TESTS 

1.  Chemical  Requirement 

Carbon,  percent,  minimum,  0.18. 

2.  Finishing 

The  heads  of  the  spikes  shall  be  formed  and  the  threads  rolled  hot  or  cold. 

3.  Tensile  Strength 

(a)  The  full-size  finished  spikes  shall  conform  to  the  following  minimum  require- 
ments as  to  tensile  properties: 

Tensile  strength,   psi    60,000 

Yield   point,   psi    0.5  tensile  strength 

Elongation  in  2  in  min,  percent  18 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  or  halt  in  the 
gage  of  the  testing  machine. 

4.  Copper  Content 

When  copper  is  specified  by  the  purchaser,  the  percentage  contained  in  the  steel 
shall  not  be  less  than  0.20  to  1  percent. 

5.  Bend  Tests 

The  full-size  finished  spike  shall  withstand  a  cold  bend  of  90  deg  without  cracking 
the  outside  of  the  bent  portion  around  a  pin  of  diameter  not  greater  than  three  times 
the   diameter  of   the  spike. 

6.  Number  of  Tests 

(a)  One  tension  test  and  one  bend  test  shall  be  made  from  each  lot  of  100  kegs  or 
fraction  thereof. 

(b)  If  any  test  specimen  develops  flaws,  it  shall  be  discarded  and  test  repeated. 

(c)  If  the  percentage  of  elongation  of  any  tension  test  specimen  is  less  than  that 
specified  in  Art.  3  (a)  above,  and  any  part  of  the  fracture  is  more  than  %  in  from 
the  center  of  the  gage  length,  as  indicated  by  scribe  scratches  marked  on  the  specimen 
before  testing,  a  retest  shall  be  allowed. 

C.  WORKMANSHIP  AND  FINISH 
1.  Workmanship 

The  finished  spikes  shall  conform  to  the  dimensions  specified  in  the  plans. 
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2.  Finish 


The  head  shall  be  concentric  with  and  firmly  joined  to  the  body  of  the  spike..  The 
design  and  depth  of  the  threads  shall  be  as  indicated  in  the  plans.  The  material  shall 
be  free   from   injurious  defects  and  shall  have  a  workman-like   finish. 

D.  MARKING  AND  INSPECTION 

1.  Marking 

A  letter  or  brand  indicating  the  manufacturer  shall  be  located  on  the  top  of  washer 
part  of  the  spike  head  as  shown  on  plans. 

2.  Inspection 

(a)  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  beinc  performed,  to  all  parts  of  the 
manufacturer's  works  which  concern  the  manufacture  of  the  spikes  ordered.  The  manu- 
facturer shall  afford  the  inspector,  without  charge,  all  reasonable  facilities  to  satisfy 
himself  that  the  spikes  are  being  furnished  in  accordance  with  these  specifications.  All 
tests  and  inspections  shall  be  made  at  the  place  of  manufacture,  prior  to  shipment, 
unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere  unnecessarily 
with  the  operation  of  the  works. 

(b)  Spikes  which  do  not  meet  the  requirements  of  these  specifications  will  be 
rejected. 

(c)  Spikes  which  show  injurious  defects  subsequent  to  their  acceptance  at  the 
manufacturer's  works  will  be  rejected  and  the  manufacturer  shall  be  notified. 


In  connection  with  the  adoption  of  the  foregoing  specifications,  it  is  recommended 
that  holes  prebored  in  hardwood  timbers  before  treatment  should  be  tV  in  larger  than 
the  root  diameter  of  the  drive  spike.  When  timbers  are  drilled  after  treatment,  the  holes 
should  be  approximately  the  same  diameter  as  the  root  diameter  of  the  drive  spikes 
being  used. 

For  softer  species  of  wood,  holes  may  be  bored  with    fa  in  less  diameter. 

PLANS   FOR   DRIVE   SPIKES 

Plan  1-61,  AREA  cone  neck  drive  spikes.  Plan  2-61.  AREA  u.i~lnr  head  timber 
drive  spikes.  Plan  3-61,  AREA  timber  drive  spike. 
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DESCRIPTION 

*N0    NOMINAL   DIAMETER 

"/I* 

3/V 

O.D     OF  THREAD 

25/}i  MA* 

!5/32    MA* 

RD  •  ROOT   DIAMETER 

"hz- 

"/3&" 

C  -  TOP   OF  CONE    NECK 

»/3* 

"/«■ 

NOTES 

OTHER     LENGTHS    PROCURABLE 

*    ORDER    BY    NOMINAL    DIAMETER. 

DESIGNED    TO   FIT  "/'6    and  3A 

SSUARE    AND    ROUND    HOLES. 


SECTION   A-A 


SPIKES   TO    CONFORM    TO  CURRENT  AREA. 
SPEC.    FOR    DRIVE   SPIKES. 


Plan   1-61 — AREA   cone-neck  drive  spike. 
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DESCRIPTION 

*  N  D  -  NOMINAL    DIAMETER 

We,' 

11/16' 

V4" 

O.D    OF   THREAD 

»/K 

«/S2- 

*7/k 

RD  -ROOT   DIAMETER 

,7A» 

l9/« 

ZI/3E" 

C  -TOP  OF    CONE  NECK 

"/,6" 

"/« 

,3/l«" 

NOTE 

ORDER    BY    NOMINAL   DIAMETER 
AND    LENGTHS    UNDER    HEAD. 


SECTION   A-A 


SPIKES   TO    CONFORM    TO    CURRENT   A.RE-A- 
SPEC.    FOR   DRIVE   SPIKES. 


Plan   2-61 — AREA    washer-head    timber   drive   spike. 
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NOTE. 
ORDER    BY    NOMINAL     OlftMtTER 
AND    LENGTHS     UNDER     HEAD. 


SPIKES  TO   CONFORM    TO   CURRENT  A.R.t.A. 
SPEC.    FOR    DRIVE    SPIVCES. 


SECT'ON    A-A 


Plan  3-61 — AREA  timber  drive  spike. 
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Your  committee  also  recommends  the  adoption  of  Plan  33-61,  AREA   drive  spike 
extractor  socket  wrench,  along  with  the  following  revisions  in  Part  6  of  Chapter  5: 


Pages  5-6-1  to  5-6-5,  incl. 

SPECIFICATIONS   AND   PLANS   FOR   TRACK   TOOLS 

Page  5-6-5.  Add  the  following: 
30.  Drive  Spike  Extractor   Socket  Wrench — Plan  No.   33 
No  special  tests  required. 

Page  5-6-9 

PLANS   FOR  TRACK  TOOLS 

Add  the  following  to  the  list  of  track  tools: 

33-61     Drive  Spike  Extractor  Socket  Wrench    See  Plan 

Page   5-6-26.  Add  Plan  33-61,  AREA  drive  spike  extractor  socket  wrench. 


DETAIL   OF  SOCKET 
POINT    WHERE   HARDNESS    IS     TAKEN 


36" 


BRINELL      300-350 

TOLERANCE- 

2%  ON    LENGTH 

5%  ON   CROSS   SECTION 

APPROX.   WEIGHT      10.5  LB 


Plan   33-60 — AREA   drive   spike   extractor   socket  wrench. 
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Report  on  Assignment   3 

Standardization  of  Trackwork   Plans 

Collaborating  with  Signal  Section,  AAR 

T.  R.  Klingel  (chairman,  subcommittee),  J.  E.  Armstrong,  Jr..  J    P.  Barker,  M  C.  Hit 
ner,  \V.  R.  Bjorklund.  R.    I.  Bruce,  E.  W.  Caruthers,  J.  T.  Collinson,  \\  .  Cornell, 

F.  W.  Creedle,  K.  E.  Dunn.  C  R.  Fears,  H.  C  Fox,  R.  M.  Frey,  J.  W.  Fulmer,  M    J 
Hassan,  A.  E.  Haywood,   R.    I     Hollingsworth,  A.  F.  Huber,  H.  \V.  Jensen,  C.  H. 
Johnson,  R.  J.  D.  Kelly,  X.  C.  Kieffer,  |r..  C.  N.  King,  R.  E.  Kuston,  L.  \\  .  Leitze, 
E.  J.   Lisv,   Jr.,   C.  J.  McConaughy.  R.   E.   Misncr,  W.   L.  O'Dell,   C.   E.   Peterson, 
S.  H.  Poore,  A.  D.  Quackenbush,  R.  X.  Schmidt,  R.  D.  Simpson,  T.  R.  Snodgrass, 

G.  R.  Sproles,  K.  H.  Von  Kampcn.  S.  J.  Watson,  Troy  West,  I.  V.  Wiley,  J.  B. 
Wilson,  B.  J.  Worley,  M.  J.  Zeeman. 

Your  committee  submits  the  following  report  of  progress  in  the-  development  <>l 
plans  for  a  high-speed,  a  medium-speed  and  a  slow-speed  turnout  for  main-line  through 
train  movements  and  for  two  turnouts  for  yard  and  switch  movements. 

In  our  report  to  the  Association  at  the  1°60  annual  meeting,  we  stated  that  it  was 
our  intention  to  submit  these  plans  at  the  1961  annual  meeting  with  the  recommenda- 
tion that  they  be  adopted  as  standard  plans  and  recommended  practice  for  insertion  in 
the  front  of  the  Portfolio  of"  Trackwork  Plans,  and  that  all  present  plans  in  the  Port- 
folio be  retained  and  designated  for  information  only.  It  was  our  belief  at  that  time 
that  these  standard  plans  could  be  prepared  by  selecting  the  most  desirable  features 
from  the  many  combinations  and  alternates  included  at  the  present  time  in  the  plans 
in  the  Portfolio.  Further  study  has  disclosed  that  a  number  of  modifications  of.  and 
deviations  from,  the  present  plans  will  have  to  be  made  in  order  to  prepare  standard 
plans  for  five  turnouts  that  the  committee  will  recommend  for  adoption  as  standard. 
Considerable  progress  has  been  made  to  this  end.  but  with  the  amount  of  investigation 
and  work  required  to  develop  these  standards,  it  was  not  possible  to  have  them  pre 
pared   for  presentation   at   this  time.  They   will  be   ready   for  presentation   next   year. 


Your  committee  submits,  as  information,  a  report  prepared  by  research  staff  ol 
the  Engineering  Division,  \AR.  entitled  Service  Test  of  Solid  Manganese  Steel  Cross- 
ing  Frogs    with    Prestressed    Concrete    Support    versus   Timbers,    Vppendix   3-a. 

Your  committee  also  submits,  as  information,  a  report  prepared  by  the  research 
staff  of  the  Engineering  Division.  AAR.  entitled  Laboratory  Tests  of  rladfield  Man- 
ganese Trackwork  Castings  Hardened  bj  the  I  tuPonl  Explosive  Process.  Appendix  3-b. 

Appendix  3-a 

Service  Test  of   Solid   Manganese   Steel   Crossing   Frogs 
With   Prestressed   Concrete  Support   Versus  Timbers 

This  is  an  abstract   ol   a   report     covering  the  construction  and   installation  ol   a 

prestressed    concrete    crossing    support    under    the    solid    manganese    railroad    crossing     it 

the  intersection  of  the  Indiana   Harbor  Belt   Railroad  eastbound  tratk  with  the  south 
bound  track  of  the   Chicago  and   Western   Indiana    Railroad  at    Dolton,   111.   17   miles 
south  of  the  Chicago  Loop 


igini  •  i  inn 

\s-IH  i.ili 


*  Copies    ol    ihr    complete    report    may    !»■    obtained    from    the    directoi 
elation   "f   American    Railroads,    H40  S     Federal   Si     Chicago   t" 
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The  test  is  being  conducted  by  the  Engineering  Division  research  staff  of  the 
Association  of  American  Railroads  under  the  general  supervision  of  G.  M.  Mauve. 
director  of  engineering  research.  In  direct  charge  of  the  assignment  is  H.  E.  Durham, 
research  engineer  track,  aided  by  members  of  his  staff.  E.  J.  Ruble,  research  engineer 
structures,  developed  the  design  of  concrete  and  reinforcing,  assisted  by  the  Portland 
Cement  Association.  The  concrete  crossing  support  was  made  in  the  Research  and 
Development  Laboratory  of  the  PCA  at  Skokie,  111.,  and  donated  for  this 
investigation. 

Foreword 

The  IHB  kindly  agreed  to  permit  the  test  to  be  made  in  its  crossings  at  the  inter- 
section of  the  IHB  and  the  C&WI  at  Dolton,  111.  (Fig.  1).  Both  of  the  test  crossings  are 
in  the  IHB  eastward  main  carrying  approximately  40  million  gross  tons  of  traffic  annu- 
ally. The  concrete  support  was  also  located  in  the  southbound  main  and  the  control 
crossing  on  timbers  in  the  northbound  main  of  the  C&WI,  each  carrying  an  annual  ton- 
nage of  7  million.  The  Chicago  &  Eastern  Illinois  also  uses  the  C&WI  tracks.  The  two 
crossings  selected  for  the  test  are  of  the  solid  manganese  casting  design  with  solid  base 
and  a  height  of  7  in  to  match  127-lb  Dudley  rail.  The  test  castings  were  installed  new 
February  1958.  The  control  crossing  with  creosoted  oak  timbers  is  supported  on  11 -ft 
longitudinal-bolted  timbers  under  each  rail  of  the  IHB  with  one  9J^-ft  tie  midway  be- 
tween the  rails. 

Design  and  Construction  of  the  Support 

The  general  plan  of  the  concrete  support  is  shown  in  Fig.  2,  from  which  it  will  be 
noted  that  stops  were  provided  to  hold  the  crossing  castings  in  position.  These  stops  are 
of  1  in  by  5  in  steel  projecting  1  in  above  the  concrete,  thereby  eliminating  the  need  of 
hold-down  fastenings.  The  support  has  a  recess  ^  in  deep  on  the  top  surface  to  hold 
a  pad  in  place.  The  pad  presently  in  use  is  made  of  J^-in  rubber  having  an  average 
durometer  of  70,  and  was  donated  by  Railroad  Rubber  Products,  Inc. 

The  design  of  the  crossing  support  was  based  on  the  effect  of  a  sequence  of  72,000-lb 
axle  loads  with  spacing  at  either  5  ft  or  10  ft,  whichever  produced  the  maximum  bend- 
ing moment  or  shear.  Dynamic  effect  was  assumed  to  be  33  percent  of  the  static  axle 
loads.  The  working  stresses  in  the  concrete  and  prestressing  steel  are  those  recommended 
in  the  AREA  Manual,  under  Specification  for  Design  and  Construction  of  Prestressed 
Concrete  Structures. 

To  make  all  elements  of  the  structure  act  as  a  unit,  prestressing  forces  were  applied 
in  both  directions  to  the  support,  and  for  this  purpose  the  post-tensioning  method 
seemed  to  be  the  better  technical  solution.  In  this  method  an  initial  load  of  91,000  lb 
per  bar  was  applied  to  the  concrete  by  stressing  each  1-in-diameter  high-strength  alloy 
steel  bar  with  hydraulic  jacks.  The  concrete  used  in  the  construction  had  an  ultimate 
strength  of  8400  psi  at  the  time  of  prestressing. 

After  all  24  bars  were  stressed  and  anchored,  the  projecting  ends  of  the  bars  were 
cut  off  and  the  space  around  each  bar  was  pressure-grouted  to  bond  them  to  the  con- 
crete and  protect  them  from  corrosion.  All  exposed  steel  surfaces  of  the  rods,  anchors 
and  anchor  plates  were  coated  with  an  epoxy  resin  as  a  protection  against  corrosion. 

Installation 

On  July  11,  1960,  the  track  forces  of  the  IHB  made  the  installation  using  a  motor 
truck  crane  to  remove  the  castings,  to  excavate  the  old  ballast,  and  to  place  fresh  slag 
to  a  depth   of  approximately   16  in   for  the  new  bed.  The  concrete  support   was  then 
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Fig.   1— IHB-C&WI   crossing,   Dolton,  111. 
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Fig.  2 — Plan  of  prestressed  concrete  crossing  support. 
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Fig.    3 — IHB    crew  positioning  concrete  support  on   the  roadbed. 


Fig.  4 — Northwest  corner  of  test  crossing  on  concrete  support. 
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placed  on  the  new  bed  (Fig.  3)  and  the  pad  sections  in  the  recess  provided.  The  installa- 
tion of  the  castings  followed  with  connections  made  to  the  approach  rails,  after  which 
the  support  was  brought  to  proper  grade  and  the  ballast  tamped  with  air  guns.  As  was 
anticipated,  there  was  considerable  settlement  during  the  night  after  installation  and  it 
was  necessary  again  to  raise  and  tamp  the  crossing  the  next  day.  Both  of  the  test  cross- 
ing were  resurfaced  approximately  one  month  after  installation  of  the  concrete  support 
in  preparation  for  making  stress  measurements  in  the  concrete  support  and  the  castings 
of  both  test  crossings.  Fig.  4  shows  one  corner  of  the  crossings  after  approximately  four 
months  of  service. 

Stress-Strain  Measurements 

During  August  1960  an  AAR  test  party  with  the  mobile  laboratory  truck  measured 
strains  in  the  concrete  and  the  NW  corner  of  each  of  the  two  test  crossings.  SR-4  win- 
resistance  strain  gages  were  mounted  on  nine  cross  sections  of  the  concrete  support. 
Strain  gages  were  mounted  on  the  NW  corner  of  each  crossing  as  follows:  C&WI  receiv- 
ing corner  flangeway  fillet,  2  guard  rail  junctions  and  2  gages  on  the  base  of  the  casting. 
Receiving  corner  fillet  gages  on  the  IHB  side  were  not  used  because  flangeway  cracks 
had  developed. 

Discussion 

Time  has  not  permitted  analysis  of  the  stress  data  for  this  preliminary  report,  hence 
it  will  be  furnished  at  a  later  date.  Records  of  maintenance,  including  frequency  of  sur- 
facing and  welding,  are  being  kept,  together  with  incidental  costs.  Periodic  examination 
of  the  castings,  concrete  and  timber  supports,  rubber  pads,  etc.,  will  be  made  so  that  an 
appraisal  can  be  made  of  the  two  types  of  crossing  support. 
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of  the  concrete  support  and  to  Railroad  Rubber  Products,  Inc.,  for  supplying  the  pads 
used  under  the  castings. 


Appendix  3-b 

Laboratory  Tests  of  Hadfield  Manganese  Trackwork  Castings 
Hardened  by  the  Dupont  Explosive  Procesf 

This   report,   presented  as  information,  covers  six   rolling-load   test-  of   special   man 
ganese  castings,  three  of  which   were  depth   hardened   by   the  explosive   method  and   three 
left  unhardened.  The  tests  were  made  at   the  AAR  Research  Center. 

Foreword 

Following  several  field  installations  of  explosively  hardened  manganese  turnout  frogs, 
E.  I.  DuPont  De  Nemours  &  Co.  contracted  with  the  AAR  to  run  accelerated  laboratorj 
tot-<  on  six  castings  simulating  No  7  frogs  in  the  Engineering  Laboratory  The  DuPont 
Company  furnished  the  castings  and  reimbursed  the  Association  for  it^  expense  ol  SU 
tests  of  one  million  cycles  each,  together  with  the  cost  of  remodeling  one  of  the  33-in 
stroke  rolling-load  machines. 
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The  conduct  of  the  tests  was  by  the  Engineering  Division  research  staff  of  the  As- 
sociation of  American  Railroads  under  the  general  supervision  of  G.  M.  Magee,  director 
of  engineering  research.  H.  E.  Durham,  research  engineer  track,  was  in  direct  charge 
of   the  assignment,  aided  by   members  of  his  staff. 

Description  of  Tests 

For  the  purpose  of  testing  in  the  33 -in-stroke  rolling-load  machine  it  was  necessary 
to  design  a  special  casting  (see  Fig.  1)  which  would  be  limited  in  width,  but  contain 
a  full  point  and  one  wing.  Due  to  the  limitation  on  length  of  stroke,  a  No.  7  frog  was 
selected,  and  the  design  of  point  and  wing  were  in  accordance  with  plan  No.  671-55 
of  AREA  Trackwork  Plans.  The  wheel  was  shop-machined  to  provide  for  a  flange  and 
tread  of  a  contour  equivalent  to  that  of  an  average  worn  wheel. 

After  being  cast  and  ground  by  the  American  Brake  Shoe  Company,  the  castings 
were  sent  to  the  laboratory  where  they  were  radiographed  for  defects  with  a  cobalt  60 
source  of  10  curie  magnitude  by  a  member  of  the  AAR  staff.  This  gamma  ray  type  of 
detection  showed  the  castings  to  be  free  of  defects  which  would  be  detrimental  to  the 
tests. 

As  had  been  predetermined,  three  of  the  castings  were  to  be  explosively  hardened 
and  three  were  to  be  tested  without  hardening.  The  three  castings  to  be  hardened  were 
shipped  to  the  Potomac  Laboratory  of  the  DuPont  Company,  at  Falling  Waters,  W.  Va., 
where  they  were  explosively  hardened  with  three  shots  each  of  the  2  grams  per  square 
inch  DuPont  EL-506A  sheet  explosive.  The  hardening  of  the  point  extended  back  18J4 
in  from  the  actual  point,  and  on  the  wing  the  hardened  surface  was  20  in  long  starting 
10^4  m  ahead  of  the  actual  point  and  extending  toward  the  heel.  This  provided  full 
hardening  for  29  in  of  the  33 -in  stroke,  and  the  flangeways  were  hardened  to  a  depth 
of  1  in  below  the  tread  as  shown  in  Fig.  1. 

Prior  to  making  the  rolling-load  tests,  three  reference  lines  on  the  top  surface  of 
the  casting  were  established  on  each  specimen  for  taking  readings  with  a  rail  profile 
gage.  These  were  spaced  lJ/2  in  apart,  the  first  line  being  on  the  point  A;  in  from  the 
gage  line  as  shown  in  the  upper  portion  of  Table  1.  Also,  six  intermediate  lines  were 
established  for  readings  adjacent  to  the  flangeways.  Four  Brinell  readings  were  taken 
on  the  unhardened  metal  of  all  six  castings  to  establish  the  initial  hardness.  In  addition 
four  hardness  readings  were  taken  on  the  hardened  portion  of  the  three  explosively 
hardened  castings  before  the  tests.  Also,  eight  locations  were  established  for  obtaining 
hardness  of  the  metal  periodically  throughout  the  tests. 

The  rolling-load  machine  was  operated  with  a  wheel  load  of  30,000  lb  throughout 
each  1,000,000-cycle  test.  This  produced  30  million  tons  of  rolling  load  on  each  specimen 
divided  equally  as  to  direction,  which  is  equivalent  to  a  track  having  60  million  gross 
tons  of   traffic. 

Because  the  hardened  castings  were  at  the  DuPont  laboratory,  the  first  and  second 
tests  were  made  with  two  unhardened  castings.  These  were  followed  by  two  hardened 
castings,  an  unhardened  casting  and  the  final  test  was  made  with  a  hardened  casting. 
It  was  desirable  to  alternate  the  types  of  castings  to  reduce  the  effect  of  wheel  wear 
on  the  final  results. 

Test  Results 

Table  1  shows  the  maximum  wear  and  the  change  in  Brinell  hardness  for  each 
specimen.  It  will  be  noted  that  Tests  Nos.  5  and  6  gave  the  lowest  wear  in  their  respec- 
tive categories.  This  appears  to  be  due  in  part  to  the  wear  on  the  wheel  after  4,000,000 
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cycles,  but  another  contributing  factor   was   the   variation   in   the   height   of   the   wings 

and  points  on  several  castings. 

From  the  table  it  will  be  noted  that  the  maximum  wear  occurs  near  the  point  or  on 
the  wing  opposite  the  point  where  batter  is  the  greatest.  At  location  No.  1  the  average 
of  three  castings  is  0.071  for  the  unhardcned  and  0.022  for  the  hardened,  or  approxi- 
mately 3.2  to  1.  On  the  wing  the  highest  average  is  0.020  for  the  unhardened  at  loca- 
tion No.  8  compared  with  0.008  for  the  hardened,  giving  a  ratio  of  3.6  to  1. 

Graphs,  Figs.  2  and  3,  show  the  progression  of  wear  throughout  the  test  in  the 
critical  areas  near  the  end  of  the  point  and  on  the  wing  opposite  the  point.  Average 
values  of  the  three  castings  were  plotted  in  each  category.  It  will  be  noted  that  the  rate 
of  wear  increased  in  a  manner  approaching  a  straight  line  between  200,000  and  1,000,000 
cycles  of  operation. 

The  Brinell  hardness  values  in  Table  1  show  that  the  explosive  hardening  process 
resulted  in  an  average  increase  of  138  points  with  a  further  increase  of  34  points  due  to 
work  hardening  during  1,000,000  cycles  of  operation.  The  work  hardening  of  the  un- 
hardened casting  resulted  in  an  average  increase  in  Brinell  from  198  to  307,  or  109 
points  for  the  duration  of  the  tests.  The  total  average  increased  hardness  of  the  explo- 
sively hardened  castings  was,  therefore,  62  Brinell  points  greater  than  for  the  unhardened 
castings. 

In  the  process  of  hardening  the  three  castings  before  the  test,  the  depression  of  the 
metal  was  approximately  0.020  in,  and  at  the  end  of  the  hardened  area  the  unhardened 
portion  was  upset  about  0.010  in.  As  the  ridge  created  was  within  the  limits  of  the 
stroke  there  was  some  question  as  to  its  effect  on  the  wear  or  batter.  This  ridge  was 
ground  from  one  casting,  but  left  on  the  other  two.  The  unhardened  portion  battered 
rather  rapidly  at  the  beginning  of  the  test,  but  there  was  no  adverse  effect.  It  does  not 
appear  that  the  results  in  track  would  be  materially  different  even  though  the  operation 
would  be  at  higher  speeds. 

At  about  750,000  cycles  of  operation  of  test  No.  3  with  the  first  hardened  casting, 
it  was  noted  that  minute  vertical  cracks  from  %  in  to  >4  in.  h>  length  were  developing 
in  the  flangeway  wall  and  on  the  flangeway  corner  of  the  wing  rail  where  it  received 
the  heaviest  loads  extending  from  9  in  ahead  of  the  point  to  3l/2  in  behind  the  point. 
In  test  No.  3  there  was  also  one  crack  on  the  point,  but  this  was  of  a  different  nature 
and  due  to  a  small  defect.  Test  No.  4  with  a  hardened  casting  developed  similar  cracks 
along  the  wing  at  200,000  cycles  as  did  test  No.  6  at  700,000  cycles.  No  such  observa 
tions  were  made  with  the  unhardened  castings  after  the  1,000,000  cycle  tests.  The 
presence  of  cracks  in  the  hardened  castings  and  their  absence  in  the  unhardened  castings 
was  confirmed  by  etching  in  hydrochloric  acid. 

Following  examination  at  the  Research  Center,  the  castings  were  sent  to  the  DuPont 
Laboratory  at  Falling  Waters  for  further  study.  Their  examination  did  not  reveal  the 
cause  or  probable  effect  of  the  cracks,  but  it  was  the  belief  that  there  was  not  sufficient 
depth  to  be  harmful.  The  subject  has  been  turned  ovei  to  DuPont's  metallurgical  depart 
ment  at  Wilmington,  Del.  This  investigation  has  not  been  completed.  A  later  report 
will  be  rendered  when  the  work  is  concluded. 

Discussion  of  the  Test  Data 

It  is  evident  from  the  results  of  the  laboratory  tests  covered  l>\  this  report,  that 
explosive  hardening  of  hadfield  manganese  trackwork  castings  will  materially  reduce 
wear  and  batter  compared  with  unhardened  casting  As  the  process  is  relatively  new 
for  track  use,  there  are  not  sufficient  field  installations  to  permit  an  opinion  as  tc.  it- 
serviceability  or  economics  of  its  use.  There  are  a  number  of  turnout  frogs  now   in  track 
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in   the  vicinity   of   Chicago   which   will   be  observed   for   determination   of   performance 
in  service. 

The  AAR  staff  is  currently  working  with  a  supplier  to  find  a  test  location  involving 
a  railroad  crossing  which  will  have  all  tread  corners  explosively  hardened.  The  Bangeways 
in  half  of  the  crossing  will  be  hardened  to  determine  if  this  will  retard  the  formation 
of  fillet  cracks. 

Acknowledgement 

The  Association  is  grateful  to  the  DuPont  Company,  and  in  particular  E.  J.  Ostei 
man,  for  assistance  in  the  conduct  of  the  tests  and  to  the  American  Brake  Shoe  Com- 
pany for  cooperation  in  the  design  and  manufacturing  of  the  castings. 


Report  on  Assignment  4 

Prevention  of  Damage  Resulting  from  Brine  Drippings 
on   Track  and   Structures 

L.  VY.  Leitze  (chairman,  subcommittee),  M.  C.  Bitner,  E.  E.  Brady.  \V.  E.  Cornell, 
P.  H.  Croft,  L.  \V.  Green,  VY.  E.  Griffiths,  R.  E.  Kleist,  J.  S.  Parsons,  S.  H.  Poore. 
Troy  West. 

This  is  an  abstract  of  a  report*  on  the  availability  and  evaluation  of  non-toxic 
corrosion  inhibitors  for  use  as  additives  in  ice  and  salt  mixtures  in  railroad  refrigerator 
cars.  The  current  work  in  this  investigation  at  the  AAR  Research  Center  is  being 
conducted  and  reported  by  K.  J.  Morris,  assistant  chemical  engineer,  under  the  general 
direction   of   G.  M.  Magee,  director  of  engineering  research. 

General 

The  chemical  laboratory  staff  of  the  Engineering  Research  Division  has  developed 
methods  for  the  accelerated  and  reproducible  corrosion  of  steel  test  specimens.'  The 
results  of  the  test  procedures  with  inorganic  salts  showed  sodium  chromate  to  be  an 
effective,  though  toxic,  inhibitor,  and  some  of  the  glassy  sodium  phosphates  to  be  good 
non-toxic  inhibitors.  It  was  extremely  desirable  to  have  available  inhibitors  such  as  the 
phosphates,  which  exhibited  scarcely  any  toxicity,  but  the  60-70  percent  reduction  of 
corrosion  inhibition  was  a  barrier  to  their  acceptance.  One  alternative  was  to  use  tin 
inhibitor  with  a  compound  which  might  modify  the  solvating  solution,  and  subsequently, 
the  metal  surface. 

This  alternative  suggests  an  avenue  for  research  whereby  the  metal-liquid  inter 
face  may  be  modified  by  changing  the  physical  or  chemical  condition  of  the  metal 
surface,  or  by  altering  the  interi'acial  tension  which  exists  between  the  liquid  and  -olid 
surface.  Interi'acial  tension  i-  lowered  by  surface  active  material.-  known  a-  wetting 
agents.  The  wetting  agents  are  preferentially  adsorbed  and  permit  a  more  homogeneous 
interface  to  exist  between  tin-  -olid  and  the  liquid.  They  promote  more  efficient  cleaning 
by  permitting  a  better  distribution  of  inhibitor  and  acid  i  n  the  metal  surface  and 
have  been  found  to  reduce  the  coin  sion  of  steeL  Moreover,  thorough  wetting  may  result 
in  a  more  even  distribution  of  a  protective  film  formed  by  the  action  of  an  inhibitor 
with   the  metal. 


•Copies    af    the    complete    report    may    be    obtained    from    the    din  ngineering    r. 

Association   of   American    Railroads,   3140  S.  Federal  St.,  Chicago   16 
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In  order  to  limit  the  extent  of  the  investigation  during  the  initial  stages,  the  experi- 
ments were  conducted  at  room  temperature,  and  the  pH  of  the  solutions  was  allowed 
to  remain  as  developed  by  the  dissolved  salts.  Of  the  hundreds  of  available  wetting 
agents,  it  is  necessary  to  select  those  which  are  compatible  with  electrolytes  in  general 
and  with  the  specific  inhibitor  being  used.  For  this  study,  one  wetting  agent  was  chosen. 
It  is  a  reaction  product  of  sodium  lauroyl  chloride  and  a  sodium  amide,  and  was  known 
to  possess  corrosion-inhibiting  properties. 

Laboratory  Procedures  and  Results 

Medium  carbon  cold-rolled  steel  sheet,  corresponding  to  SAE  designation  1020,  was 
cut  into  27  specimens  each  3  in  long,  1%  in  wide  and  %  in  thick.  The  specimens  were 
immersed  twice  daily  in  the  test  solutions  and  placed  in  sealed  troughs  after  each 
immersion.  The  specimens  were  changed  from  one  atmosphere  to  another  for  various 
intervals  of  the  day.  The  immersion  and  atmospheric  cycling  procedure  was  continued 
for  30  days.  The  results  are  recorded  in  the  following  table: 

Weight 

Loss  Percent 

Liquid                                                                                      pH         (Percent)  Inhibition 

Distilled  water   4.5  0.422 

Distilled  water,  0.1%  S   5.8             0.046  89.1 

5%  NaCl    4.5  4.90 

5%  NaCl,  0.1%   S    4.5             1.45  70.4 

5%  NaCl,   0.5%    SHMP    5.8             2,13  56.6 

5%  NaCl,  0.5'%  SHMP,  0.1%  S  5.8             1.14  71.8 

5%  NaCl,  0.5%   SC    6.6             0.53  89.2 

5%  NaCl,  0.5%  SC,  0.1'%  S   6.2             0.53  89.2 

Percentage  concentration  calculated  by  weight-volume. 

S-Anionic   wetting   agent. 

SC-Sodium  chromate. 

SHMP — Sodium  hexametaphosphate. 

Examination  of  the  data  relating  of  distilled  water  with  and  without  an  additive 
indicates  the  inherent  corrosion-inhibiting  ability  of  wetting  agent  S.  An  increase  in 
inhibition  of  15.2  percent  appears  to  be  realized  by  use  of  the  wetting  agent  when  the 
weight  losses  caused  by  both  sodium  hexametaphosphate  solutions  are  compared  with 
those  resulting  from  exposure  to  brine  solution  only.  But  when  the  effects  of  the  two 
phosphate-containing  solutions  are  compared  with  one  another  alone,  it  is  found  that 
the  weight  loss  of  specimens  exposed  to  the  phosphate  and  brine  solution  which  has 
been  treated  with  the  wetting  agent  is  decreased  by  46  percent. 

The  corrosion-inhibiting  strength  of  the  wetting  agent  appears  to  be  remarkable 
by  comparison  with  hexametaphosphate.  Especially  in  view  of  the  fact  that  the  amount 
of  wetting  agent  used  was  only  one-fifth  as  much  as  the  hexametaphosphate  or  chromate. 
It  is  conceivable  that  an  increase  in  concentration  would  yield  greater  inhibition. 

Although  the  additive  appears  to  be  non-functional  in  solutions  containing  sodium 
chromate,  experiments  which  would  indicate  the  effect  of  a  change  of  concentration  or 
pH  were  not  included  in  the  investigation. 

Conclusions  and  Recommendations 

The  investigation  was  exploratory  and  brief,  and  the  materials  limited  in  number, 
but  it  has  been  shown  that  for  whatever  reason  may  govern,  corrosion  of  medium 
carbon  steel  was  decreased  by  the  addition  of  a  small  quantity  of  a  wetting  agent  to 
brine  containing  a  glassy  phosphate,  and  potentially  makes  possible  the  reduction  of  the 
amount  of  phosphate  necessary  to  achieve  an  acceptable  degree  of  inhibition. 
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A  program  designed  to  evaluate  the  possible  use  of   wetting  agents   in   corrosion 
inhibition  of  brine  drippings  could  well  result  in  the  more  effective  utilization  of  avail 
able  inhibitors,  enabling  an   individual   to   use  a   cheaper  inhibitor  compounded   with   a 
small  amount  of  wetting  agent  or  analagous  material.  These  substances  themselves  could 
be   combined    with    other    wetting    agents    in    an    attempt    to    increase    their    corrosion 
inhibiting  ability.  In  fact,  it  has  been  shown  that  the  surface  active  power  of  a  com 
bination   of   anionic   and   non-ionic   wetting   agents  can   be   greater   than   cither   of   them 
alone.3'  * 

Finally,  it  is  known  also  that,  in  general,  corrosion  inhibitors  function  most  effec- 
tively within  a  specific  range  of  solution  acidity  or  alkalinity.  The  investigation  of  the 
use  of  wetting  agents  with  inhibitors  should  consider  the  benefit  of  the  control  of  the 
pH  of  the  corrosive  solutions. 

The  continuation  of  this  initial  phase  of  the  work  would  include: 

1.  Examination  of  several  types  of  wetting  agents,  alone  and  with  inhibitors. 

2.  Study  of  the  effect  of  solution  pH  on  corrosion  rates  associated  with  specific 
inhibitor  and  wetting  agent  combinations. 

3.  Investigation   of   the  effect  of  combining  cathodic  and  anodic  inhibitors,   with 
the  addition  of  ionic  and  non-ionic  wetting  agents, 

4.  Analysis  of  the  effect  of  solution  concentration  on   the  corrosion  rate  of  steel. 
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Report  on  Assignment  5 

Design  of  Tie  Plates 

Collaborating  with  Committees  3  and  4 

I.     A.    Pelton    (chairman,    subcommittee),    J.    E.    Armstrong.    Jr.,    J.    P.    Barker.    M  I) 

Carothers,  G.  P.  Chandler.  H.  C.  Fox,  J.  \V.  Fulmer,  A.   B.  Hillman.  Jr..  K     I  D 

Kelly,  C.  X.  King,  W.  L.  O'Dell,  J.  S.  Parsons,  S.  H.  Poore,  V.  M.  Schwing,  R.  D, 
Simpson.  ('.  \V.  Wagner,  Troy  West,  M.  J.  Zeeman. 

The  tie  plate  design  test  on  Illinois  Central  near  Dubuque.  Iowa,  with  special  15  in 
tie  plates  having  1'4  eccentricity  installed  on  inner  rail  of  6-dcg  curve  is  being 
progressed. 

Results  of  the  Pennsylvania  Railroad  test  on  rubber  abrasion  plates  at  Oakdale,  Pa  . 
will  be  followed  by  this  committee  in  connection  with  assignment  covering  use  "t  rubber 
or  composition  tie  plates  under  insulated  joints. 

Your  eommittee   recommends  thi^  subject  be  continued 
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Report  on  Assignment  6 

Hold-Down   Fastenings   for   Tie   Plates,   Including   Pads 
Under  Plates;  Their  Effect  on  Tie  Wear 

Collaborating  with  Committee   3 

X.  C.  Kieffer,  Jr.  (chairman,  subcommittee),  J.  E.  Armstrong,  Jr.,  M.  C.  Bitner,  E.  W. 
Caruthers,  E.  D.  Cowlin,  F.  W.  Creedle,  Simon  Fogarty,  Jr.,  R.  G.  Garland,  A.  E. 
Hinson,  R.  J.  Hollingsworth,  L.  H.  Jentoft,  C.  H.  Johnson,  R.  J.  D.  Kelly,  R.  E. 
Kleist,  T.  R.  Klingel,  L.  W.  Leitze,  E.  J.  Lisy,  Jr.,  J.  E.  Martin,  C.  J.  McConaughy, 
W.  L.  O'Dell,  M.  P.  Oviatt,  J.  S.  Parsons,  S.  H.  Poore,  M.  K.  Ruppert,  J.  M. 
Salmon,  Jr.,  R.  N.  Schmidt,  T.  R.  Snodgrass,  R.  E.  Tew,  C.  W.  Wagner,  Troy 
West,  I.  V.  Wiley. 

This  is  an  abstract  of  a  report*  covering  the  service  test  installations  of  hold-down 
fastenings,  tie  pads,  etc.,  on  the  Louisville  &  Xashville  Railroad  and  the  Illinois  Central 
Railroad,  and  tests  with  the  tie  wear  machines  in  the  Engineering  Laboratory  at  the 
Research  Center. 

The  investigation  is  being  carried  out  by  the  AAR  research  staff  under  the  general 
direction  of  G.  M.  Magee,  director  of  engineering  research.  H.  E.  Durham,  research 
engineer  track,  is  in  direct  charge  of  the  assignment,  assisted  by  members  of  his  staff. 

TEST   OX   THE   LOUISVILLE  &  XASHVILLE   RAILROAD 
Foreword 

The  primary  purpose  of  conducting  these  tests  is  to  determine  the  effectiveness  and 
economy  of  various  types  of  hold-down  fastenings,  tie  pads,  etc.  as  related  to  tie  life, 
regaging  and  readzing  curves.  The  test  sections  between  London  and  East  Bernstadt, 
Ky.  are  described  in  earlier  Proceedings,  Vols.  SO,  and  later.  Two  ties  were  eliminated 
from  panel  56  of  the  East  Bernstadt  test  in  1960. 

General   Inspection 

The  committee  made  its  inspection  on  June  2,  1960.  Detailed  reports  of  the  findings 
of  this  inspection  are  in  the  AAR  research  report,  on  file  in  AAR  Research  Center. 

Gage  of  Test  Curves 

On  the  two  4>2-deg  curves,  except  lor  the  north  one-half  of  section  16,  sections  14 
to  17,  inch,  continue  to  hold  the  gage  well.  The  gage  widening  in  the  north  one-half 
of  section  16  is  due  primarily  to  horizontal  rail  wear.  Sections  4S  and  49  with  Racor 
studs  are  now  eight  years  old  and  have  shown  very  little  change  since  installation.  Sec- 
tions 9  to  13.  inch,  continue  to  have  major  gage  irregularity,  but  the  change  in  the  past 
two  years  has  been  negligible.  Sections  IS  and  19  with  Erie  single-shoulder  tie  plates 
also  have  very  irregular  gage,  although  the  average  change  since  installation  was  not 
large. 

On  the  short  4^-deg  curve,  section  26  with  the  DL&W  diamond-bottom  tie  plates 
has  good  uniformity  with  only  slight  change  since  1958.  Section  25  has  the  widest  gage 
on  the  short  curve,  but  the  increase  since  '958  was  moderate.  This  gage  widening  prob- 
ably has  been  influenced  by  the  excessive  wear  of  the  pads  on  the  field  end.  Section  21, 
which  had  gage  trouble  in  the  past  and  was  regaged  in  1956,  held  well  for  two  years, 
but  had  a  small  increase  in  the  period  1958  to  19oO. 


*  Copies   of    the   complete   report    may   be   obtained   from   the   director   of   engineering   research,   Asso- 
ciation  of   American    Railroads,   3140   S.   Federal   St.,   Chicago   16. 
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On  the  East  Bcrnstadt  5-<k>x  curve  the  greatest  change  has  occurred  in  sections  54, 

37,  39,  41   and  42.  Changes  from   1958  to   I960  have,  however,  been  nominal. 

The  5-deg  36-min  curve  north  of  East  Bernstadt  in  sections  04  and  05  had  less 
than  two  years  service  when  the  gage  readings  were  taken  and  did  not  show  any 
appreciable  change  in  that  time. 

Tie  Coatings 

Sections  35  and  36  were  established  in  July  1950  when  Koppers'  No.  16  sealing 
compound  was  applied  to  the  top  and  ends  of  new  and  existing  creosoted  hardwood 
ties  to  investigate  its  capacity  for  retarding  the  splitting,  checking  and  weathering  of 
the  timber.  In  section  i5,  with  120  new  ties,  the  coating  was  applied  to  all  adzed  sur- 
faces before  placing  the  ties  and  on  top  of  the  odd-numbered  ties,  leaving  the  even- 
numbered  ties  for  controls.  In  addition,  the  ends  of  the  coated  ties  in  the  south  half 
of  the  section  received  an  application  of  the  coating.  Section  36,  consisting  of  118  exist- 
ing ties  had  the  tops  of  all  ties  coated  and  also  the  ends  of  the  south  58  ties.  As  a 
protective  covering,  all  coated  ties  were  sprinkled  with  Y^-m.  washed  gravel.  After  the 
1958  annual  inspection,  the  north  30  odd  numbered  ties  of  section  35  were  recoated 
using  Koppers'  No.  16  tie  sealing  compound  spread  over  the  top  surface  only  and 
covered  with  Y^-in  stone  chips.  The  recoating  of  one-half  the  section  was  done  to  develop 
a  comparison  with  the  ties  not  recoated. 

This  report  covers  only  section  35  where  a  check  was  made  of  the  number  of  splits 
^j-in  wide  or  larger  at  the  top  end  faces  of  the  ties  for  determining  the  efficiency  index. 
The  efficiency  factors  were  obtained  from  the  following  formula: 

(number  of  checks  in  coated  ties  \ 
u c — Z — i — : .  ,  .. —  x  100  I 
number  ot  checks  in  uncoated  ties  / 

The  values  of  coverage  efficiency  of  the  coating  in  section  35  for  the  10-year  period 
are  tabulated  below: 

Percent 

Category  1951     1953     1955     1957     1958  1959  1960 

All  coated  ties   75         76         52         58        39  72  62 

Ties  coated  on    top   only*    70         73         45         53         36  89  73 

Ties  coated  on  top  and   ends    79         80         60        63         42  53  50 

*  Ties  recoated  after  1958  readings. 

It  is  apparent  from  the  efficiency  values  that  the  number  of  checks  in  the  north 
one-half  of  the  section  have  been  influenced  by  the  recoating  in  1958.  Except  for  1°5°, 
the  efficiency  in  these  ties  is  higher  than  any  year  since  1053.  This  may  be  compared 
with  the  south  one-half  of  the  section  where  the  ties  not  recoated  have  their  lowest 
efficiency  since  installation  with  the  exception  of  the  year  1958.  At  the  time  of  the  I0o0 
inspection  there  had  been  no  new  tie  renewals  since  1959  when  a  total  of  three  wen- 
reported  in  the  south  one-half  of  the  section.  After  the  1960  inspection  -i\  additional 
ties  were  renewed  and  there  have  now  been  seven  coated  and  two  uncoated  ties 
renewed.  Tie  renewals  made  in  section  35  were  due  to  large  splits. 

No  check  of  the  splits  in  the  ties  of  section  36  was  made  because  of  deterioration 
of  the  sealing  compound.  In  addition,  29  ties  or  approximately  25  percent  have  been 
replaced.  Discontinuance  of  the  section  for  test  purposes  appears  warranted  on  the 
basis  that  the  chances  which  have  taken  place  make  further  data  of  little  value. 
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General  Remarks 

The   following   remarks   as   to   the   performance   of   the   tie  pads  will  serve   to  help 

the  railroads  make  a  selection  of  the  types  that  will  serve  their  purpose.  It  has  been 

demonstrated  in  this  13 -year  test  that  softwood  ties  should  be  protected  with  the  type 
of  pads  that  retain  a  long  term  seal. 

1.  Bird  S-  and  7-ply  duck-burlap  pads  have  defects  such  as  delamination,  dis- 
location and  some  ripping.  However,  after  11.8  years  of  service  in  the  long 
4^2-deg  test  curve  many  of  these  pads  retained  a  good  seal.  The  7-ply  pad 
may  be  considered  for  heavy-duty  service. 

2.  Bird  S-ply  jute  pads,  after  4.1  years  of  service  in  the  5-deg  test  curve,  have 
retained  a  good  seal  with  the  ties  and  are  in  good  condition.  These  pads  appear 
to   be  comparable  to   the  5-ply  duck-burlap  pads. 

3.  Racor  J^-in  coated  fiber-rubber  pads  in  the  5-deg  curve  with  cut  spikes  had 
no  major  damage  after  8.6  years  of  service.  The  pads  had  a  good  seal  for 
approximately  four  years.  The  Racor  pads  with  two  Racor  studs  in  section 
48  in  the  long  4j4-deg  curve  have  retained  a  good  seal  during  their  service 
of  7.8  years. 

4.  Fabco  fiber-rubber  pads:  The  1947  and  1948  installations  were  inferior  to  the 
present  pads.  The  pads  placed  in  the  5-deg  curve  in  1950  and  1951  have  given 
good  service  but  did  not  retain  a  seal  with  the  tie.  The  Fabco  pads  installed 
in  the  same  curve  in  1955  retained  a  good  seal  for  about  three  years.  Installa- 
tion of  Fabco  pads  with  an  improved  coating  placed  October  1959  had  an 
excellent  seal  after  8  months. 

5.  Railroad  Rubber  Products  Company  J4-in  rubber  pads,  uncoated,  are  in  good 
condition  after  5  years  of  service  in  the  5-deg  curve,  but  permitted  sand  and 
water  under  the  pads. 

6.  Konvex  tire-carcass  tie  pads:  While  in  service  only  1.8  years,  these  pads  had 
an  excellent  seal  with  the  tie  and  show  promise  of  reasonably  good  service. 

7.  Johns-Man  ville  %  -in  fiber-rubber  pad:  In  service  on  the  5-deg  curve  for  60 
months,  this  pad  is  in  good  condition,  but  the  bottom  coating  does  not  retain 
its  seal  with  the  ties. 

TEST   OF   HOLD-DOWN  FASTENINGS   Ox\  THE  ILLINOIS   CENTRAL 
RAILROAD    NORTH    OF   MANTENO,   ILLINOIS 
Foreword 

This  report  covers  tie  plate  penetration  measurements  obtained  by  the  AAR  research 
staff,  in  the  middle  main  track  of  the  Illinois  Central  north  of  Manteno,  III.,  where  that 
railroad  in  1943  began  a  test  of  hold-down  fastenings  in  three  miles  of  track  laid  with 
new  ties  and  131  RE  rail.  Included  in  the  test  are  one  mile  each  of  creosoted  pine,  gum 
and  oak  ties.  Each  mile  is  divided  equally  with  two  lengths  of  tie  plates,  and  each 
one-half  mile  includes  seven  arrangements  of  hold-down  fastenings.  The  middle  track 
has  two-way  traffic  consisting  largely  of  passenger  trains  and  the  faster  freight  trains. 
This  test  was  reported  last  in  Proceedings,  Vol.  59,  1958,  page  1054. 

Tie  Abrasion 

Tie  wear  measurements  obtained  in  May  1960  covering  the  19  test  rails  in  the  three 
miles  of  track  are  available  in  the  complete  AAR  research  report,  which  summarizes 
these  data  and  percentages  of  loose  plates,  loose  double-coil  washers  and  stripped  screw 
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spikes.  During  the  15.6  year  test  period  there  has  been  212  million  gross  tons  of  traffic 
with  an  increase  of  34  million  since  May   1957. 

In  the  sections  with  pine  ties  and  13-in  tie  plates,  the  tie  wear  in  the  seven  cate- 
gories was  very  uniform  during  the  period  May  1957  to  May  1960,  varying  from  0.043 
in.  in  the  section  with  two  cut  spikes  to  0.051  in.  in  the  section  with  four  screw  spikes 
and  double-coil  washers.  Because  of  the  variables  in  the  ties  of  these  short  sections  of 
22  tie  plates,  less  crushed  pine  ties  omitted  subsequently,  precise  evaluation  of  number 
and  type  of  tie  plate  fastenings  as  to  economy  cannot  be  made  from  this  test.  The  AAR- 
L&N  tests  of  hold-down  fastenings  near  London,  Ky.,  should  be  excellent  for  this  pur- 
pose. In  the  pine  tie  sections  with  14^-in  tie  plates,  two  screw  spikes  with  double-coil 
washers  showed  a  somewhat  better  performance  with  64  percent  of  the  control  sections. 

In  the  section  with  gum  ties  and  two  screw  spikes  with  double-coil  washers  had 
from  62  to  72  percent  of  the  respective  control  sections  and  the  corresponding  per- 
centages for  the  oak  ties  were  66  to  77.  The  reduction  in  plate  cutting  of  the  hardwood 
ties  by  the  screw  spike  construction  represents  a  fairly  good  performance. 

The  comparison  of  plate  cutting  by   tie  plate  length  by   use  of  these  data  is  not 

satisfactory   because   the   13-in   plates   have   a   flat   bottom,   whereas   the    14j4-in  plates 

have  a  wave  bottom  which  resulted  in  acceleration  of  the  plate  settlement  early  in  the 
test. 

Using  the  tie  wear  of  all  cut  spike  sections  as  a  basis  of  comparison,  the  gum  and 
oak  ties  with  13-in  plates  had  42  and  45  percent  less  abrasion,  respectively,  than  the 
pine  ties.  For  the  14J4-in  plates  the  corresponding  values  are  26  and  43  percent.  The 
average  values  for  the  two  plate  lengths  show  tie  wear  to  be  34  and  44  percent  less 
than  the  pine  ties  for  the  gum  and  oak  ties,  respectively.  Because  these  are  short  sec- 
tions, plate  cutting  in  normal  service  installations  of  the  three  species  of  wood  may  vary 
from  the  test  results. 

Maintenance  of  Way  Report 

The  IC  reports  there  has  been  no  maintenance  of  the  fastenings  since  1955  when 
the  screw  spikes  were  retightened  out-of-face  with  a  power  wrench.  At  that  time  20 
percent  of  the  screw  spikes  in  the  pine  ties  were  reported  to  be  stripped.  This  figure 
has  increased  considerably  in  the  section  with  14^-in  plates.  There  have  been  no  tie 
renewals  in   the  test  sections  since  the  six  were  reported  following  the   195  7  inspection. 
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Report  on  Assignment  7 

Effect  of  Lubrication  in  Preventing  Frozen  Rail  Joints 
and  Retarding  Corrosion  of  Rail  and  Fastenings 

R.  G.  Garland  (chairman,  subcommittee).  E.  E.  Brady,  J.  T.  Collinson,  W.  E.  Griffiths. 
L.  R.  Hall,  A.  E.  Hinson,  A.  A.  Keever,  D.  C.  Morgan,  L.  A.  Pelton.  S.  H.  Poore, 
Ross  P.  Roden,  M.  K.  Ruppert,  G.  R.  Sproles.  R.  E.  Tew.  S.  J.  Watson.  Troy 
West.  B.  J.  Worley. 

This  in  an  abstract  of  a  report*  describing  the  spray  application  of  four  metal 
preservatives  to  control  brine  corrosion  in  the  eastward  main  track  of  the  Chicago  & 
Xorth  Western   Railway   west  of  Low  Moor.  Iowa. 

The  inspection  of  the  tunnel  corrosion  tests  in  the  Seattle  tunnel  by  the  Great 
Northern  Railway  personnel  will  be  made  too  late  for  inclusion  in  this  year's  progress 
report   and  will  be   reported  next  year. 

Foreword 

The  first  phase  of  this  assignment  involving  the  preservation  of  rail  joints  started 
in  1945  has  been  completed,  except  that  another  inspection  will  be  made  of  the  Rich- 
mond. Fredericksburg  &  Potomac  Railroad  service  test  near  Franconia.  Va. 

The  object  of  the  tests  on  the  C&NW  and  the  GX  is  to  develop  information  leading 
to  the  most  economical  methods  for  protecting  the  rail  and  fastenings  from  brine  cor- 
rosion, and  other  serious  corrosion  as  in  wet  tunnels,  or  from  chemicals  dropped  on 
the  track. 

Test  on  the  C&NW 

This  5-mile  stretch  of  tangent  track  with  undulating  grades  was  laid  with  78-ft 
welded  rail  of  115  RE  section  in  1957  and  had  not  been  sprayed  with  a  metal  preserva- 
tive prior  to  this  test.  During  that  3-year  period  brine  corrosion  was  severe,  and  rust 
slabs  had  built  up  on  the  bulges  of  the  welds  on  the  field  side  of  the  rail.  Fairly  deep 
pits  were  observed  where  the  brine  was  diverted  from  the  receiving  surface  of  the  bars 
and  fastenings.  The  track  has  slag  ballast  and  was  in  good  condition. 

Application  of  Preservatives 

The  limits  of  the  AAR-C&NW  test  are  between  Mile  Posts  10  and  15  from  Clinton, 
Iowa.  Each  section  is  a  mile  in  length  and  in  the  following  order  from  east  to  west: 
Miles  11,  control,  no  protection;  Mile  12,  Xo-Ox-Id  100;  Mile  13,  Texaco  45;  Mile  14, 
Texaco  RCX-236,  and  Mile  15.  Texaco  55. 

On  September  2  and  3.  1959,  the  Texaco  45  section  was  completely  sprayed.  All  of 
the  north  rail  and  one  side  of  the  south  rail  was  sprayed  in  the  section  with  Xo-Ox-Id 
100.  Because  of  mechanical  difficulties  and  the  lack  of  heat  for  good  atomization  of  the 
other  materials,  the  other  sections  were  sprayed  in  August  and  September  1960.  In 
general,  all  of  the  preservatives  were  applied  with  good  atomization,  and  round  trips 
with  the  spray  equipment  were  made  on  each  rail  of  the  test  miles.  Also,  practically 
all  exposed  surfaces  of  the  rail,  bars,  and  fastenings  were  coated  below  the  upper  rail 
fishing  as  well  as  all  of  the  exposed  portions  of  the  11 -in  tie  plates. 

The  equipment  used  in  1960  involved  two  2y2-kva  gasoline-engine-driven  generators 
for  the  band-type  heaters  and  a  hot  water  coil.  The  water  was  heated  by  a  heat  ex- 


*  Copies   of    the   complete   report   may  be   obtained   from   the   director  of   engineering   research.    Asso- 
ciation   of    American    Railroads,    3140    S.    Federal    St..    Chicago    16. 
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changer  usins  gasoline  for  fuel.  A  Roper  gear-type  pump  driven  by  a  single  cylinder 
Wisconsin  gasoline  engine  was  used  for  the  spray  operation.  Some  of  the  sections  were 
sprayed  with  four  nozzles  per  rail  while  others  had  only  two. 

In  August  1^60  the  sections  sprayed  with  Xo-Ox-Id  100  and  Texaco  45  in  the  pre- 
ceding year  were  inspected.  Both  applications  were  in  good  condition  after  one  year 
of  service.  It  was  observed  that  the  Xo-Ox-Id  100  coating  had  penetrated  the  rust 
scales  on  the  welds.  These  scales  were  bginning  to  show  a  little  movement.  A  light  tap 
with  a  rock  was  sufficient  to  break  the  bond  of  the  scales. 
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Report  on  Assignment  8 
Laying  Rail  Tight  with  Frozen  Joints 

V.  M.  Schwins  (chairman,  subcommittee).  J.  P.  Barker.  M.  C.  Bitner.  G.  P.  Chandler. 
P.  H.  Croft.  C.  P.  Fears.  Simon  Fosartv.  Jr..  J.  W.  Fulmer.  L.  \V.  Green.  A.  B. 
Hillman.  Jr..  L.  H.  Jentoft.  A  A  Keever.  R.  J.  D.  Kellv.  C.  X.  Kin?.  R  E.  Kleist. 
J.  E.  Martin.  R.  E.  Misner.  M.  P.  Oviatt.  S.  H.  Poore.  A.  D.  Quackenbush.  Ross  P 
Roden.  T.  M.  Salmon.  Jr..  R.  X.  Schmidt.  G.  R.  Sproles.  J.  R.  Talbott.  Jr..  C.  W. 
Wagner.   Troy  West.  D.   J.  White.   J.   B.  Wilson. 

This  is  an  abstract  of  a  report*  prepared  for  the  committee  by  H.  E.  Durham 
search  engineer  track.  AAR  research  staff,  under  the  direction  of  G.  M.  Magee.  director 
of  engineering  research.  It  covers     '.     Field  tests  of  tight  rail.   <2)   Laboratory  tests  of 
glued  points.  The  last  similar  report  is  in  Vol.  61.  1°60.  page   '-'•' 

TEST  OF  TIGHT  RAIL  OX  THE  LOUISVILLE   ft  NASHVILLE 

This  rail  was  inspected  in  February  and  August  I960.  As  of  August  1060.  90  million 
gross  tons  had  passed  over  the  ion. 

Rail  Joint  Gaps  and  Rail  Creepage  (211  Joints  Inspec:-::  :  At  28  F  the  average  gap 
was  0.014  in.  This  included  20  open  joints  with  an  average  sap  of  0.15  in  per  open 
joint.  At  110  F  the  average  gap  was  0.0006  in.  This  included  2  open  joints  with  an 
average  gap  of  0.06  in  per  open  jcint.  The  maximum  rail  creepase  measured  : 

Rail  Surface  Profile:  The  average  rail  end  batter  was  0.020  in  compared  with  an 
average  of  0.005  in  on  the  conventional,  control  section. 

Rail  End  Chipping  and  Welding:  Following  the  1Q5Q  inspection.  150  joints  were 
built  up  by  welding:  this  inspection  revealed  11  more  joints  in  need  of  welding.  There 
was  no  chipping  on  the  conventional  control  section. 

Maintenance  of  Way  Report:  Chipped  rail  ends  were  welded:  bolts  were  retishtened 
to  45.000  lb  in  August  after  the  inspection. 


*  Copies  of  the  complete  report   may  be  obtained  from  the  director  of  engineering  research 
dation   of   American    Railroads.   3140   5.    Federal   >t..   Chicago   16. 
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TEST  OF  THE  TIGHT  RAIL  ON  THE  ERIE 

The  results  of  this  test  were  inconclusive;  high  laying  temperature  and  the  accom- 
panying large  temperature  differential  caused  excessive  ''winter"  gaps. 

In  March  1960,  all  joints  were  closed,  additional  rail  was  introduced,  anchors  reset, 
and  bolts  tightened  to  35,000  lb. 

An  August   1960  inspection  disclosed  that  all  joints  were  closed  at  117  F. 

The  rail  in  the  test  section  was  ground  out-of-face  by  a  grinder  train  on  December 
5,  1960,  and  rail  surface  profiles  were  obtained  before  and  after  grinding. 

TEST  OF  TIGHT  RAIL  ON  THE  BESSEMER  &  LAKE  ERIE 

This  rail  was  inspected  in  August  1960.  At  that  time,  40  million  gross  tons  had 
passed  over  the  test  section. 

Rail  Joint  Gaps  and  Creepage  (132  Joints  Beveled  and  Hardened-136  Joints  Plain 
End):  At  97  F,  for  plain-end  rail,  the  average  gap  was  0.001  in.  This  included  3  open 
joints  with  an  average  gap  of  0.02  in  per  open  joint.  At  97  F,  for  beveled-end  rail, 
the  average  gap  was  0.004  in.  This  included  25  open  joints  with  an  average  gap  of 
0.02  in  per  open  joint.  A  moderate  amount  of  creepage  was  detected  at  the  ends  of  the 
test  section. 

A  grinder  train  was  operated  over  the  test  section  in  the  summer  of  1960. 

Maintenance  of  Way  Report:  Bolts  were  retightened  to  45,000  lb  in  September 
1960,  and  the  plain  end  rail  was  cross-slotted  in  February  1960. 

LABORATORY  TESTS  OF  GLUED  RAIL  JOINTS 

Erie  Railroad  Joint:  A  badly  worn,  Erie  Railroad,  112  RE  joint  was  tested  (39-in 
long-toe  joint  bars.)  The  parts  were  sand  blasted,  pre-heated  to  110  F,  and  glue  was 
applied  to  all  contact  surfaces.  They  were  then  assembled  with  30,000-lb  bolt  tension,  post 
heated  to  166  F,  and  the  glue  allowed  to  set. 

Both  glue  and  joint  bars  survived  250,000  cycles  of  a  44,000-lb  wheel  load  applied 
by  a  33-in-stroke,   rolling-load  machine.  They  also  survived  300,000-lb  of  compression. 

The  dismantled  joint  disclosed  poor  contact  at  the  rail  ends  account  fishing  surface 
wear.  It  also  disclosed  that  the  glue  did  not  fail  in  bond. 

Illinois  Central  Railroad  Joint:  A  new  Illinois  Central  joint  (115-lb,  36-in,  6-hole 
bars)  typical  of  those  in  a  5.2  mile  stretch  of  1440-ft  welded  rail  ribbons,  laid  north 
of  65th  St.,  Chicago,  was  tested  in  the  AAR  laboratory. 

The  joints  were  cleaned  prior  to  laying  with  an  air-operated  cleaning  gun.  At  the 
time  of  installation,  the  contact  surfaces  were  further  cleaned  with  solvent.  Only  the 
bars  were  glue  coated.  The  pre-heating  was  omitted,  but  the  joint  was  post  heated  to 
300  F  after  assembly. 

The  test  joint  survived  the  rolling  wheel  load  described  above,  but  failed  at  270,000 
lb  compression  account  of  glue,  metal  bond  failure. 

The  joint  gaps  of  the  5. 2 -mile  rail  job  were  recorded  for  further  study. 

For  the  sake  of  brevity,  all  tabulations  and  charts  of  test  data  have  been  omitted 
from  this  abstract.  Persons  interested  in  more  detail  can  obtain  it  from  the  complete 
report. 
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Report  on  Assignment   10 

Methods  of  Heat  Treatment,  Including  Flame  Hardening  of  Bolted 

Rail  Frogs  and  Split  Switches,  Together  with  Methods 

of  Repair   By  Welding 

J.  M.  Salmon,  Jr.  (chairman,  subcommittee),  J.  P.  Barker,  M.  C.  Bitner,  F.  W.  Creedle, 
C.  R.  Fears,  R.  M.  Frey,  \V.  E.  Griffiths,  M.  J.  Hassan,  A.  E.  Haywood,  A.  B. 
Hillman,  Jr.,  A.  E.  Hinson,  L.  H.  Jentoft,  C.  H.  Johnson,  A.  A.  Keever,  T.  R. 
Klingel,  R.  E.  Kuston,  L.  W.  Leitze,  E.  J.  Lisy,  Jr.,  S.  H.  Poore,  Ross  P.  Roden, 
R.  D.  Simpson,  T.  R.  Snodgrass,  R.  E.  Tew,  C.  W.  Wagner,  K.  H.  Von  Kampen, 
Troy  West,  D.  J.  White,  I.  V.  Wiley. 

Your  committee  presents  as  information  brief  reference  to  a  report*  on  the  Service 
Test  of  Simulated  Crossing  Units  in  the  Milwaukee  Railroad  at  Mannheim,  111.,  pre- 
pared for  the  committee  by  H.  E.  Durham,  research  engineer  track,  AAR  research  staff, 
under   the  direction  of   G.  M.  Magee,  director  of  engineering  research. 

In  this  project,  welding  and  grinding  is  continuing  under  the  direction  of  the  AAR 
research  staff.  All  units  are  repaired  to  comply  with  maintenance  standards.  About  192 
million  gross  tons  of  traffic  have  passed  over  the  simulated  crossing  flangeway  units 
between  the  time  of  their  installation  in  April  1954  and  July  1960.  After  welding  the 
units  in  September  1957,  the  test  panels  carried  101  million  gross  tons. 

This  report  also  tabulates  the  returns  to  a  questionnaire  showing  the  practice  of 
36  Class  I  Railroads.  Your  committee  feels  that  there  is  so  great  a  variance  in  use  of 
and  repair  by  welding  of  trackwork  items  that  no  recommended  practice  can  be  proposed 
at  this  time. 


*  Copies   of    the   complete   report    may   be   obtained   from    the   director   of   engineering   research.     W<>- 
ciation    of    American    Railroads,    3140    S.    Federal    St.,    Chicago    16. 
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i  E  i  Member  Emeritus. 


To  the  American   Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report,  including  recommendations  submitted  for  adoption 


page  0 1 1 


2.  Physical  properties  of  earth  materials: 

(a)  Roadbed.    Load   capacity.    Relation   to   ballast.   Allowable   pressures. 

(b)  Structural  foundation  beds,  collaborating  with  Committees  6  and  S. 
Progress  report,  applicable  to  both  (a)  and  (b),  submitted  as  infor- 
mation        page  679 

3.  Natural  waterways:  Prevention  of  erosion. 

Progress  report,  submitted  as  information  page  686 

4.  Culverts: 

(a)   Erosion  control  for  outlet  structures. 

Research  on  this  assignment  was  -.tailed  in  1958  as  a  three  year  proj- 
ect.   Budget   curtailment   in   19S9  and   I960  forced  cancellation.    It    is 

hoped  that   in  the  near  future  work   will  be  resumed  at   Colorado  State 

University  as  original!)  planned. 
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(b)   Methods    of    repairing   and   restoring   short-pipe-section   culverts   that 
have  pulled  apart. 
Progress  report,  submitted  as  information    page  690 

5.  Specifications   for  pipe  lines   for  conveying  flammable  and  non-flammable 
substances,  collaborating  with  Committees  IS  and  20. 

Progress  report,  including  specifications  submitted  for  adoption    page  692 

6.  Roadway:  Formation  and  protection: 

Manual  recommendations,  submitted  for  adoption   page  698 

(a)  Roadbed  stabilization. 

Progress  report,  submitted  as  information   page  706 

(b)  Slope  protection  by  use  of  additives. 
No  report. 

(c)  Performance  of  filter  material  in  subdrains. 

This  assignment  was  activated  in  1958  as  a  cooperative  research  pro- 
gram with  the  University  of  Illinois  to  evaluate  the  requirements  of 
filter  materials  around  underground  perforated  or  open-joint  drains 
and  to  develop  definite  design  information  for  field  conditions.  A  prog- 
ress report  was  submitted  last  year.  At  present  the  committee  is  con- 
tinuing its  study  and  expects  to  submit  data  in  the  near  futuie  for 
adoption  and  publication  in  the  Manual. 

(d)  Gypsum  treatment  of  subgrade  to  improve  track  drainage. 

Only  one  railroad  has  reported  experimenting  with  this  material  to 
date  and  so  far  the  results  have  been  inconclusive.  It  is  expected  the 
tests  will  be  expanded  and  that  a  comprehensive  report  can  be  sub- 
mitted in  the  near  future. 

7.  Tunnels: 

(a)  Ventilation;  changes  necessary  for  operation  of  diesel  power. 

Your  committee  has  submitted  progress  reports  on  this  assignment  in 
each  of  the  past  two  years.  It  is  continuing  its  study  and  hopes  to 
submit  in  1962  general  recommendations  for  adoption  and  publication 
in  the  Manual. 

(b)  Clearance;  methods  used  to  increase,  collaborating  with  Committee  28. 
Your  committee  has  assembled  a  list  of  methods  that  have  been  used  in 
the  past,  including  some  cost  data.  It  is  hoped  that  new  methods  can 
be  developed  for  future  work  and  submitted  as  recommendations  for 
the  Manual. 

(c)  Methods  of  open  cutting. 

This  is  a  new  assignment  and  very  little  has  been  accomplished  dur- 
ing the  past  year  because  Manual  material  is  being  reviewed  for  re- 
approval  or  revision  in  1962. 

8.  Fences. 

There  is  no  specific  subassignment  under  this  assignment.  The  present 
specifications  are  being  reviewed  and  will  be  submitted  in  1962  for  re- 
approval  or  revision. 
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9.  Roadway  Signs: 

(a)  Reflectorized   and   luminous   roadway   signs,   collaborating    with    Com- 
mittees 5  and  9,  and  with  the  Signal  Section,  AAR. 

Research  has  been  discontinued  temporarily  due  to  curtailment  of  re- 
search funds;  however,  the  committee  feels  the  subject  should  not  be 
dropped  as  new  products  are  constantly  being  developed,  some  of 
which  might  be  adaptable  for  this  purpose. 

(b)  Develop    standard    close    clearance    warning    sign,    collaborating    with 
Committee  28. 

Your  committee  has  narrowed  the  field  to  three  possible  designs  and 
is  handling  with  the  legal  departments  of  several  major  roads  and  the 
AAR  before  submitting  to  the  Association  for  adoption.  It  is  expected 
a  proposed  sign  will  be  presented  in  1962. 

10.  Ballast: 
(a)  Tests. 

No  report. 

(c)  Special  types  of  ballast. 

Progress  report,  submitted  as  information    page  707 

11.  Chemical    control    of    vegetation,    collaborating    with    Signal    Section    and 
Communications  Section,  AAR. 

Progress  report,  submitted  as  information    page  70° 

The  Committee  on  Roadway  and  Ballast, 

G.  B.  Harris,  Chairman 


AREA  Bulletin  563,  February  1961. 

Report  on  Assignment   1 

Revision  of  Manual 

F  X  Beighley  (chairman,  subcommittee),  R.  D.  Baldwin,  G.  W.  Becker,  R.  H.  Beeder, 
T.  W.  Cr'eighton,  L.  J.  Deno,  W.  P.  Eshbaugh,  J.  B.  Farris,  G.  D.  Mayor,  K.  W. 
Schoeneberg,  C.  E.  Webb,  R.  D.  White. 

Your  committee  has  made  a  study  of  its  chapter  in   the  Manual  and  submits   the 
following  recommendations  for  adoption: 

Pages   1-1-37  to   1-1-43,  incl. 

PHYSICAL  PROPERTIES  OF  EARTH  MATERIALS 

Reapprove  without  change. 

Pages   1-1-43  to   1-1-44.5,  incl. 

SPECIFICATIONS   FOR   TEST    BORINGS 
Reapprove  without  change. 
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Page   1-3-1 

NATURAL  WATERWAYS— GENERAL 

Reapprove  without  change. 

Pages   1-3-1  and   1-3-2 

DRAINAGE  AREAS  AND  WATER  RUNOFF 
Reapprove  without  change. 

Pages   1-3-3  to   1-3-7,  incl. 

SIZE  OF  WATERWAY  OPENINGS 

Reapprove  without  change. 

Pages  1-4-1  to   1-4-4,  incl. 

CULVERTS— LOCATION  AND  TYPE 

Reapprove  without  change. 

Page   1-4-5 

SPECIFICATIONS   FOR  EXTRA   STRENGTH   CLAY  PIPE 
Reapprove  without  change. 

Page   1-4-5 

SPECIFICATIONS   FOR   CAST    IRON   CULVERT   PIPE 

Reapprove  without  change. 

Page   1-4-5 

SPECIFICATIONS  FOR  REINFORCED  CONCRETE  CULVERT  PIPE 
Reapprove  without  change. 

Pages   1-4-6  to   1-4-10,  incl. 

SPECIFICATIONS  FOR   CORRUGATED   METAL  CULVERTS 

Reapprove  without  change. 


Roadway    and    Ballast 670 

Report  on  Assignment  2 

Physical  Properties  of  Earth  Materials 

(a)  Roadbed.  Load  Capacity.  Relation  to  Ballast.  Allowable  Pressures, 

(b)  Structural  Foundation  Beds,  Collaborating  with  Committees  6  and  8. 

\V.  P.  Eshbaugh   (chairman,  subcommittee),  H.  F.  Davenport,  C.  E.  Dysart,  J.  G.  Gil- 
ley,   M.   B.   Hansen,  H.  O.   Ireland,   H.  \V.   Legro,   R.   R.  Manion,  F.   L.  Peckover, 

J.  W.  Poulter,  S.  W.  Sweet. 

Under  this  assignment  your  committee  presents  as  information  a  report  on  the  use 
of  nuclear  soil  moisture  and  density  equipment.  It  contains  material  which  applies  to 
both  Assignments  (a)   and  (b). 

The  work  reported  is  part  of  the  committee-sponsored  research  program  of  the 
Research  Department,  AAR,  under  the  general  direction  of  G.  M.  Magee,  director  of 
engineering  research,  and  under  the  supervision  of  Rockwell  Smith,  research  engineer 
roadway.  G.  L.  Hinueber,  engineering  laboratory  manager,  performed  the  field  work  and 
prepared  the  report,  assisted  in  the  field  work  by  the  late  H.  M.  Sutcliffe,  research 
technician. 

Use   of  Nuclear   Soil   Moisture  and   Density   Equipment 

for  Determination  of  Volume  Change  From 

Cut  to  Fill 

During  the  spring  and  summer  of  1960  an  investigation  was  conducted  on  the  site 
of  what  will  be  the  new  Canadian  Pacific  Railway  hump  yard  in  the  vicinity  of  Agin- 
court,  Ont.,  Can.  The  purpose  of  this  investigation  was  to  estimate  the  volume  change 
that  could  be  expected  in  removing  the  soil  materials  from  cut  areas  and  compacting 
them  in  fill  in  the  construction  of  the  yard.  Field  tests  were  conducted  by  H.  M.  Sut- 
cliffe, research  technician,  and  G.  L.  Hinueber,  engineering  laboratory  manager,  both  <>f 
the  Association  of  American  Railroads  Engineering  Research  Staff  with  the  cooperation 
of  Canadian  Pacific  Railway  personnel  under  G.  W.  Miller,  Assistant  General  Manager, 
Eastern  Region. 

The  hump  yard  construction  entails  the  excavation,  movement,  placement  and  com- 
paction of  some  2,000,000  cu  yd  of  earth  material.  The  problem  was  to  determine,  with 
as  high  a  degree  of  accuracy  as  possible,  the  amount  of  volume  change,  shrinkage  or 
swell  as  the  case  may  be,  that  could  be  expected  in  removing  the  soil  from  cut  or  boi 
row  areas  and  placing  and  compacting  it  in  fill.  In  the  past  the  only  information  thai 
could  be  obtained  regarding  volume  change  of  this  nature  was  at  best  only  a  guess  based 
on  past  experience.  The  original  grades  for  this  job  were  designed  on  the  premise  of  a 
shrinkage  of  10  percent.  A  variation  of  even  1  percent  from  this  original  estimated  vol 
ume  change  could  result  in  a  needless  expenditure  of  S10.000  should  it  lie  necessary  to 
borrow  or  waste  as  much  as  20,000  cu  yd  of  material.  However,  if  accurate  shrinkage 
or  swell  data  could  be  obtained  lor  this  job  it  would  he  possible  to  avoid  either  borrow 
or  waste  by   redesigning  the  grades  so  that    excavation   and   embankment    would   balance 

Early  in  the  spring  of  1060  a  preliminary  reconnaissance  tour  of  the  site  was  made 
by  AAR  and  Canadian  Pacific  personnel.  It  was  decided  at  that  time  that   the  investiga 
tion    would   be   practical    and    that   nuclear   soil    moisture   anil   densit)    equipment    owned 
by    the   AAR    would   be   Used   in    the   field   phase   <>l    the   work.   The  project    was   taken   on 
with    the    idea    that    the    proposed    work    with    the    nuclear    equipment    would    benefit    the 
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Canadian  Pacific  Railway  and  would  also   be  of  general  research  value  and  of  possible 
benefit  to  the  railroad  industry  as  a  whole. 

The  first  step  in  the  investigation  was  to  obtain  a  contour  map  of  the  proposed 
yard  site  showing  approximate  areas  of  cut  and  fill.  A  grid  system  was  superimposed  on 
this  map  dividing  the  excavation  areas  into  a  number  of  smaller  rectangular  areas.  Next, 
some  35  proposed  test  holes  were  tentatively  located  at  the  corners  of  the  rectangular 
areas  formed  by  the  grid  system  and  at  some  intermediate  points  along  the  grid  lines 
on  the  map.  These  test  holes  were  located  in  the  cut  areas  and  were  to  act  as  access 
holes  for  the  nuclear  soil  depth  probes. 

The  field  work  involved  the  use  of  the  nuclear  soil  moisture  and  density  probes  for 
the  determination  of  the  in-place  moistures  and  densities  of  the  various  soil  strata  en- 
countered. The  description  and  theory  of  the  nuclear  equipment  and  the  operating  pro- 
cedures involved  in  its  use  are  described  in  detail  in  the  AREA  Proceedings,  Vol.  61, 
1960,  page  652,  under  the  title  Nuclear  Moisture  and  Density  Measurements.  Some  dif- 
ficulty was  experienced  in  progressing  the  holes  for  the  1-Hi  in  O.  D.  20-gage  steel  casing 
used  as  access  tubes  for  the  nuclear  depth  probes  because  of  the  hard,  dense,  stoney  sub- 
grade  soils  encountered.  It  was  generally  not  possible  to  accomplish  this  with  a  soil 
auger.  This  problem  was  eventually  resolved  by  driving  and  retracting  a  l^-in  steel 
rod.  Fig.  1  is  a  picture  of  the  rig  used  to  drive  the  rod.  The  1-Hj-in  casing  was  then 
driven  into  the  slightly  undersize  hole,  and  the  soil  which  was  shaved  off  the  sides  of 
the  hole  and  forced  into  the  casing  was  removed  by  means  of  a  1^-in  soil  auger.  After 
the  casing  was  in  place  the  subsurface  nuclear  soil  moisture  probe  was  lowered  into  it 
and  the  moisture  content  of  subgrade  soils  was  determined  at  1-ft  intervals.  The  mois- 
ture probe  was  then  removed  and  the  same  process  was  repeated  with  the  subsurface 
nuclear  soil  density  probe.  Fig.  2  is  a  picture  of  this  probe  in  use.  The  first  readings  with 
these  probes  were  taken  at  the  1-ft  level  because  the  operation  of  the  nuclear  depth 
equipment  is  restricted  to  a  minimum  depth  of  1  ft  below  the  surface  of  the  ground. 
The  sphere  of  influence  of  the  subsurface  moisture  probe  is  an  effective  volume  in  which 
the  moisture  measurement  is  made.  It  is  a  sphere  whose  diameter  varies  from  12  to  20  in, 
depending  on  the  amount  of  water  present.  The  diameter  of  the  sphere  of  influence  of 
the  subsurface  soil  density  probe  varies  from  about  8  in  for  higher  density  soils  to  as 
high  as  16  in.  in  soils  of  lower  density.  In  order  to  obtain  the  moisture  content  and 
density  of  the  top  1  ft  of  soil  it  was  necessary  to  use  the  surface  nuclear  soil  moisture 
and  density  probes  at  each  test  location. 

Prior  to  the  start  of  the  field  investigation,  the  Canadian  Pacific  had  dug  five  large 
test  pits  in  cut  areas.  These  pits  were  accessible  and  proved  to  be  useful  for  obtaining 
additional  moisture  and  density  data  of  the  subgrade  soils.  They  were  also  utilized  to 
obtain  five  soil  samples  which  were  representative  of  all  the  various  subgrade  soils  en- 
countered in  the  cut  areas  of  the  project.  A  number  of  laboratory  tests  were  run  on 
these  samples,  including  grain  size  analyses,  Atterberg  limits  for  determining  plastic 
properties  of  the  soils,  and  modified  Procter  moisture-density  tests.  The  soils  varied  from 
silty  sands  to  glacial  tills,  all  of  which  were  relatively  non-plastic.  The  results  of  the 
moisture-density  tests  gave  information  as  to  the  compacted  density  that  could  be  ex- 
pected in  the  field  and  the  optimum  moisture  content  to  obtain  this  density  for  each 
of  the  cut  soils  encountered  in  the  project.  Fig.  3  shows  the  moisture-density  curve  for 
the  glacial  till  subgrade  soil  encountered  in  the  cut  areas. 

The  optimum  moisture  content,  of  course,  varies  from  one  soil  to  another.  The 
Canadian  Pacific  was  advised  that  in  order  to  obtain  the  highest  possible  density  it  was 
necessary  to  compact  the  various  soils  in  fill  at  or  near  their  optimum  moisture  contents. 
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Fig.   1 — Driving  rig  used  to  produce 
holes    for    casing. 
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Fig.   2 — Subsurface  nuclear  density  probe  being  used   to  determine 
in-place  density  of  soil  in  cut  area. 
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The  glacial  till,  which  was  generally  encountered  at  a  depth  of  5  to  6  ft  below  the 
surface  and  continued  to  below  the  proposed  grade,  had  an  optimum  moisture  content 
of  11.9  percent.  However,  the  tests  showed  that  the  in-place  moisture  content  of  this 
material  generally  averaged  about  9.5  percent  in  cut  areas.  It  was  therefore  advisable 
to  add  water  to  this  material  when  placing  it  in  fill.  The  remainder  of  the  soils  in  the 
cut  areas,  at  the  time  of  the  field  tests,  varied  in  moisture  content  from  about  11  to 
20  percent.  They  were,  at  that  time,  at  or  above  their  optimum  moisture  contents.  The 
moisture  contents  of  these  soils  were,  however,  subject  to  change  depending  on  the 
amount  of  subsequent  rainfall.  The  handling  of  these  soils  in  removing  them  from  cut 
and  placing  them  in  fill  would  tend  to  dry  them,  more  or  less.  With  everything  taken 
into  consideration,  it  was  decided  that  it  probably  would  not  be  necessary  to  add  mois- 
ture to  these  soils  when  they  were  placed  in  fill,  but  might  be  necessary  to  dry  them 
out  somewhat  by  manipulation  to  bring  their  moisture  contents  down  close  to  optimum. 
The  compaction  specifications  for  this  job  required  the  soils  be  compacted  to  a  density 
of  not  less  than  90  percent  of  the  maximum  density  as  determined  for  each  soil  by  the 
modified  Proctor  tests  in  the  laboratory. 

Each  of  the  smaller  rectangular  areas  on  the  map  defined  by  the  system  of  super- 
imposed grids  was  treated  as  a  unit,  and  the  combination  of  all  these  units  was  used 
as  the  basis  of  determining  results  for  the  entire  project.  The  ground  line  profiles  for 
two  opposite  ends  of  each  rectangular  unit  were  plotted.  The  lines  representing  the 
grade  to  which  the  soil  at  each  of  the  two  ends  was  to  be  excavated  were  shown  on 
the  profile  plots.  These  plots,  then,  were  actually  cross  sections  and  their  areas  could 
be  determined.  The  volume  of  soil  to  be  excavated  within  each  of  the  rectangular  areas 
was  computed  by  the  method  of  average  end  areas.  The  volumes  thus  computed  for  all 
the  rectangular  areas  were  added  together  to  give  the  total  volume  of  excavation  for 
the  entire  project. 

A  density  profile  of  the  subgrade  soil  as  determined  with  the  nuclear  equipment  was 
shown  on  each  cross  section.  A  typical  cross  section  is  shown  in  Fig.  4.  With  this  infor- 
mation it  was  possible  to  compute  the  average  dry  density  for  each  such  cross  section. 
The  weighted  average  of  the  densities  of  the  two  end  cross  sections  for  each  rectangular 
area  was  taken  as  the  average  density  of  the  volume  of  soil  to  be  excavated  within 
the  area. 

The  volume  of  excavation  for  each  rectangular  area  was  expressed  as  a  percentage 
of  the  total  volume  of  soil  to  be  excavated.  These  percentages  were,  in  turn,  multiplied 
by  average  in-place  densities  of  their  respective  volumes.  The  products  for  all  the  areas 
were  then  added  together  to  give  the  average  in-place  density  of  the  entire  volume 
of  soil  to  be  excavated  in  the  construction  of  the  yard. 

The  same  procedure  used  to  calculate  the  in-place  density  of  the  cut  soil  was  re- 
peated with  the  substitution  of  densities  from  the  laboratory  Proctor  moisture-density 
tests  for  the  in-place  field  densities.  As  previously  stated,  the  specifications  for  this  job 
required  that  the  soils  be  compacted  to  a  density  of  not  less  than  90  percent  of  their 
maximum  densities  as  determined  by  the  modified  Proctor  tests  in  the  laboratory.  The 
average  compacted  density  of  the  entire  soil  mass  is  likley  to  fall  somewhere  between 
the  90  percent  and  the  100  percent  maximum  density  condition.  The  average  dry  density 
of  the  entire  volume  of  soil  to  be  compacted  in  fill  was  computed  for  the  90  percent, 
05  percent  and   100  percent  of  maximum  modified  Proctor  density  conditions. 

The  average  in-place  dry  density  for  the  entire  volume  of  proposed  excavation  as 
computed  from  nuclear  moisture  and  density  readings  was  122.1  lb  per  cu  ft.  The 
computed  average  dry  density  of  the  entire  volume  of  soil  after  compaction  in  the  fill 
would  be: 
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Fig.  5— Surface  nuclear  density  probe  being  used  to  check 
compacted  density  of  fill. 


Fig.  6— Subsurface  nuclear  density  probe  being  used  to  check 
compacted  density  of  fill. 
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1.  For    100   percent   modified   Proctor   maximum   density   condition  =  125.3   lb/ft.' 

2.  For     95    percent   modified   Proctor   maximum   density   condition  =  119.0  lb/ft. 

3.  For     00   percent    modified   Proctor   maximum   density   condition  =  112.7   lb/ft. 

Since  it  was  not  possible  to  determine  in  advance  of  construction  the  exact  average 
density  of  the  soils  that  would  be  obtained  in  the  field,  it  was  recommended  that  the 
95  percent  of  modified  Proctor  maximum  density  figure  be  used  pursuant  to  field  density 
measurements  during  construction. 

From  the  foregoing  data,  computations  and  results,  the  amount  of  volume  change 
that  could  be  expected  for  the  job   from  cut  to  fill  was  estimated  to  be: 

1.  For  100  percent  modified  Proctor  maximum  density  compaction  =  2,t>2  percent 
shrinkage. 

2.  For  95   percent  modified  Proctor  maximum  density  compaction  =  2.60  percent 
swell. 

3.  For  90  percent  modified  Proctor   maximum   density  compactions  <S..U   percent 
swell. 

The  earth-moving  contractor  started  operations  on  the  job  in  June  1960.  An  inde- 
pendent soils  laboratory  had  been  engaged  to  run  compaction  control  tests  for  the  proj- 
ect. By  July  5,  1960,  160,000  cu  yd  of  soil  had  been  excavated,  placed  and  compacted. 
From  the  compaction  control  tests  it  was  learned  that  the  compacted  density  of  the 
material  was  averaging  slightly  better  than  90  percent  of  modified  Proctor  maximum 
density.  Taking  into  consideration  this  information  and  the  information  from  the  AAR 
tests  and  computed  results  concerning  expected  volume  changes,  the  Canadian  Pacific 
Railway  decided  to  assume  an  average  swell  of  5  percent  in  removing  soil  from  cut 
areas  and  placing  and  compacting  it  in  fill.  Consequently,  at  that  time,  the  grade  line 
was  revised,  taking  the  5  percent  average  swell  into  consideration  so  that  excavation 
and  embankment  would  balance. 

More  than  500,000  cu  yd  of  soil  had  been  excavated,  placed  and  compacted  by  the 
last  week  in  July  1960.  At  that  time  the  nuclear  soil  moisture  and  density  equipment 
was  used  to  check  the  compacted  density  of  the  fills.  Fig.  5  shows  the  surface  and 
Fig.  6  the  subsurface  nuclear  soil  density  probes  being  used  to  check  the  density  of  soil 
compacted  in  fill.  A  number  of  readings  were  taken  with  both  surface  and  subsurface 
probes,  and  from  this  information  it  was  determined  that  the  compaction  averaged 
about  93  percent  of  modified  Proctor  maximum  density.  For  this  compaction  the  esti- 
mated average  volume  change  from  cut  to  fill  would  be  4.0  percent  swell.  This  figure 
checks  very  closely  with  the  5  percent  average  swell  used  by  the  railroad  in  revising 
the  original  grades. 

At  the  time  of  this  report  the  final  results  as  to  average  compaction  obtained  and 
amount  of  volume  change  from  cut  to  fill  were  not  as  yet  available,  The  Canadian 
Pacific  has,  however,  estimated  from  a  rough  check  of  data  available  thai  the  5  percent 
swell  figure  may  have  been  too  high  and  that  a  zero  volume  change  figure  might  have 
been  more  appropriate.  Even  so,  this  still  would  mean  that  ;i  substantial  saving  was 
realized  by  altering  the  grades  based  on  the  computed  volume  change  figure  rather  than 
using  the  original  grades  which  were  based  on  the  premise  of  a  1"  percent  shrinkage 
The  final  results  will  be  reported  at  a  later  date, 
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Report  on  Assignment  3 

Natural   Waterways:    Prevention   of   Erosion 

G.  VV.  Becker  (chairman,  subcommittee),  R.  A.  Anderson,  B.  H.  Crosland,  G.  W.  Deblin, 
J.  K.  Fisher,  F.  R.  Naylor. 

Size  of  Waterway  Openings 

Your  committee  has  reviewed  present  Manual  material  on  runoff  formulas  and  size 
of  waterway  openings  with  the  view  of  updating  the  material  to  reflect  more  recent 
runoff  data  and  research,  or  possibly  revising  it  to  reflect  general  current  practices. 
Inquiry  has  revealed,  however,  a  wide  divergence  in  methods  for  determining  runoff 
and  waterway  requirements,  both  among  individual  railroads  and  among  various  govern- 
ment agencies.  Extensive  study  and  research  is  now  in  progress,  and  it  is  expected  that 
much  useful  and  applicable  data  will  be  developed  within  the  next  few  years.  The  com- 
mittee therefore  recommends  no  change  in  present  Manual  material  at  this  time,  and 
submits  the  following  progress  report  as  information. 

Formulas 

A  common  method  of  determining  drainage  opening  requirements  is  the  use  of  an 
empirical  formula,  usually  based  on  size  of  drainage  area  and  a  factor  or  percentage 
figure  to  allow  for  basin  characteristics.  Such  formulas  usually  disregard,  or  at  best  only 
roughly  provide  for,  the  effect  of  topography  and  character  of  surface,  frequency  of 
design  storm,  and  rainfall  characteristics.  They  do,  however,  provide  a  convenient 
method  of  estimating  approximate  waterway  requirements  where  conditions  or  economic 
considerations  do  not  warrant  the  time  and  expense  of  comprehensive  field  surveys  and 
analysis  of   data. 

The  derivation  and  application  of  numerous  runoff  formulas  are  discussed  in  detail 
in  various  engineering  and  drainage  texts.  Following  are  a  few  which  are  in  more 
general  use. 

The  Talbot  Formula:    a  =  CAm 
where 

a  =  required  waterway  opening  in  square  feet 

A  =  drainage  area  in  acres 

C  =  coefficient,  varying  from  1/5  for  flat  areas  to  1  for  steep  barren  areas 

The  Talbot  formula  does  not  take  into  account  the  intensity  of  rainfall  (inches  per 
hour),  time  of  concentration,  velocity  of  flow  or  other  rational  factors.  It  is  based  on  a 
large  number  of  observations  in  the  Middle  West.  Maximum  rainfall  for  these  observa- 
tions is  not  known,  but  is  assumed  to  have  been  about  4  in  per  hr.  The  velocity  of  flow 
is  estimated  to  have  been  10  ft  per  sec  and  less. 

Because  of  its  simplicity  and  the  ease  with  which  coefficient  C  may  be  modified  by 
experience  and  judgment,  it  has  been  a  useful  and  popular  formula.  Solution  of  the 
formula  is  widely  published  in  both  tabular  and  graphic  form. 

The  Rational  Formula:   Q  =  C  i  A 

where 

Q  =  rate  of  runoff  in  cubic  feet  per  second 

C  :=  a  coefficient  representing  the  ratio  of  the  rate  of  runoff  to  the  rate  of  rainfall 
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i  =  rate  of  rainfall  in  inches  per  hour 
.4  =  drainage  area  in  acres 

This  formula,  widely  used  for  storm  drainage  design  in  urban  areas,  is  equally 
applicable  to  small  rural  watersheds.  Carefully  applied  by  the  experienced  drainage  en- 
gineer, it  affords  greater  refinement  in  determination  of  runoff  than  do  most  of  the  other 
empirical   formulas. 

The  runoff  coefficient  C  commonly  varies  from  about  0.20  for  flat  rural  or  resi- 
dential areas  to  0.90  for  central  business  areas  where  substantially  all  surfaces  are  im- 
pervious to  infiltration.  Rainfall  rate  i  represents  the  maximum  average  rate  of  rainfall 
in  inches  per  hour  over  the  entire  watershed  for  a  period  equal  to  the  time  of  concen- 
tration, and  for  a  selected  recurrence  interval.  Time  of  concentration  is  the  time  required 
for  water  falling  on  the  most  remote  point  in  the  watershed  to  reach  the  point  under 
consideration.  Selection  of  the  recurrence  interval — -whether  to  design  for  a  storm  that 
may  be  expected  to  occur  with  an  average  frequency  of  once  in  5,  10,  25,  50  or  100 
years — is  a  matter  of  economics. 

Rainfall  intensity — Duration — Frequency  charts  from  USDA  Misc.  Publ.  No.  204, 
1935,  are  included  in  many  drainage  handbooks.  Subsequent  rainfall  data  and  analyses 

are  published  periodically  by  the  Weather  Bureau. 

i 

The  Modified  Myers,  or  Jarvis-Myers  formula:   Q  —  10,000  p  M-7 

where 

Q  =  total  flow  in  cubic  feet  per  second 
p  =  a  percentage 
M  —  drainage  area  in  square  miles 

An  extremely  useful  formula,  especially  for  ready  comparison  of  different  sized 
watersheds,  it  is  generally  used  on  a  discharge-per-square-mile  basis  by  dividing  both 
sides  of  the  equation  by  M.  Platted  in  this  form  (Chapter  1  of  the  AREA  Manual, 
page  1-3-5),  and  with  known  record  of  discharges  of  nearby  gages  added,  intelligent 
comparisons  and  deductions  can  be  made  for  a  location  being  studied. 

Unfortunately,  the  records  of  approximately  1000  maximum  discharges  of  streams 
throughout  the  country,  as  recorded  by  Clarence  S.  Jarvis  in  his  paper  ''Flood  Flow 
Characteristics"  (ASCE  Transactions,  1926),  have  not  been  up-dated.  The  U.  S.  Geolog- 
ical Survey,  in  its  'Water  Resources  Review",  publishes  from  time  to  time  new  record 
discharges  on  its  flood-flow  diagrams  to  show  pertinent  percentages  in  the  Modified 
Myers  formula,  and  additional  material  may  be  secured  from  magnitude  and  frequency 
publications  issued  by  the  various  states  in  cooperation  with  the  U.  S.  Geological  Survej 

l 
The  Dun  Formula:    W  =  M,    (240-12.1/'") 

where 

W  =  required  waterway  opening  in  square  feet 
M  =  drainage  area  in  square  miles 

The  Dun  formula,  based  primarily  on  past  experiences  of  midwestern  railroads, 
assumes  a  rainfall  of  2  in  per  hr  for  larger  openings  and  4  in  per  hr  for  smaller  ones. 
A  discharge  velocity  of  10  ft  per  sec  is  also  assumed,  with  arbitrar)  increase  in  size  t<>r 
small  openings  to  allow  for  drift.  The  formula  is  usually  used  in  tabular  form,  with 
compensating  percentages  applied  to  certain  state-  where  such  modification  is  indicated 
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The  Burkli-Ziegler  and  the  McMath  formulas: 

where 

Q  =  rate  of  runoff  in  cubic  feet  per  second 
A  =  drainage  area  in  acres 

C  =  a  coefficient  representing  the  rate  of  runoff  to  the  rate  of  rainfall 
i  =  maximum  intensity  of  rainfall  in  inches  per  hour 
S  =  slope  in  feet  per  1,000  feet 

Useful  in  small  drainage  area  design,  the  slope  factor  has  been  taken  into  considera- 
tion in  these  two  popular  formulas. 

Current  Practice  by  Railroads 

A  questionnaire  was  circulated  among  all  members  of  Committee  1  to  ascertain 
present  practice  on  their  railroads  for  determining  runoff  and  waterway  requirements. 
Replies  from  22  railroads  showed  that  apparently  very  few  make  use  of  the  present 
manual  material  on  runoff.  A  majority  indicated  that  they  use  Talbot's  formula,  in  some 
cases  modifying  the  C  factor  to  fit  local  conditions  and  experience  at  existing  or  similar 
openings.  Other  methods  or  formulas  used  include:  Rational,  Dun,  McMath,  Burkli- 
Ziegler,  Myers,  Jarvis. 

Some  railroads  evidently  place  no  restrictions  on  the  use  of  formulas  with  respect 
to  the  size  of  watershed.  Others,  however,  limit  use  of  formulas  to  relatively  small  areas 
(up  to  about  10,000  acres),  and  determine  runoff  and  opening  requirements  for  the 
larger  watersheds  from  field  surveys  and  investigation  of  flood  records  at  the  site  and 
at  other  crossings  in  the  vicinity,  and  from  comparison  with  published  flood  runoff  data 
for  similar  watersheds.  Particular  emphasis  is  placed  on  the  importance  of  thorough 
field  investigation  followed  up  with  careful  analysis  and  application  of  the  data  obtained. 

Current  Practice  by  State  Highway  Departments 

Procedures  currently  used  in  23  states  show  a  definite  trend  away  from  the  use 
of  empirical  equations  of  the  type  of  the  Talbot  formula  toward  (1)  determining  a 
design  runoff  by  statistical  analysis  of  runoff  records,  and  (2)  designing  a  suitable 
hydraulic  structure  to  handle  the  runoff. 

Increased  reliance  is  being  placed  on  recently  developed  methods  for  estimating 
runoff  from  ungaged  watersheds  by  statistical  analysis  of  the  rapidly  growing  flood 
runoff  information  which  is  becoming  available  through  reports  released  by  the  U.  S. 
Geological  Survey. 

Some  states  (notably  California  and  Texas)  have  compiled  rather  comprehensive 
drainage  design  manuals.  Most  have  developed  tables,  charts,  etc.,  for  determination 
of  design  runoff  applicable  to  their  state  or  zones  within  the  state. 

Flood  Runoff  Data  and  Research  in  Progress 

About  20  states  are  working  cooperatively  with  the  U.  S.  Geological  Survey  in  pre- 
paring flood  magnitude-frequency  reports.  Published  reports  are  now  available  from 
the  survey  at  Washington,  D.  C.  or  district  offices  for  Alabama,  Connecticut,  Georgia, 
Illinois,  Iowa,  Kentucky,  Louisiana,  Minnesota,  Missouri,  Nebraska,  North  Carolina, 
Ohio,  Western  Washington,  the  Youghiogheny  and  Kiskiminetas  River  Basins  in  Penn- 
sylvania and  Maryland,  and  the  Columbia  River  Basin. 
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Studies  are  in  preparation  (open-file  reports  available  from  the  Survey)  for  Ari- 
zona, Florida,  Kansas,  Mississippi,  Eastern  Montana,  North  and  South  Dakota.  Virginia, 
Wisconsin,  the  Colorado  River  Basin,  and  the  Delaware  River  Basin. 

These  flood  frequency  reports  include  curves  from  which  it  is  possible  to  estimate 
peak  runoff  for  floods  up  to  50-year  frequency  for  ungaged  streams  in  excess  of  about 
50  square  miles.  Very  few  records  are  yet  available  for  smaller  watersheds;  however, 
representative  watersheds  down  to  a  few  acres  are  now  being  gaged  in  many  of  the 
states,  and  valuable  data  in  this  area  should  soon  be  available. 

A  method  whereby  flood  records  as  they  occur  on  strategically  picked  drainage 
areas  are  correlated  with  those  from  a  long-time-existing  stream  gage  is  now  being 
studied  in  several  states.  It  is  believed  that  fairly  good  runoff  and  frequency  curves 
can  be  developed  over  a  period  of  about  six  years  by  this  method. 

The  Bureau  of  Public  Roads  has  been  analyzing  all  available  data  on  peak  rates 
of  runoff  from  small  watersheds,  the  principal  source  being  records  of  the  Soil  Con- 
servation Service  and  the  U.  S.  Geological  Survey.  Discussions  and  tentative  design  graphs 
for  peak  discharge  from  watersheds  under  1,000  acres  were  published  in  Public  Roads, 
April  1954,  and  in  Transactions  of  the  ASCE,  Vol.  119,  1954,  page  1005.  Studies  are 
being  progressed  as  additional  records  become  available  with  the  view  of  ultimately 
publishing  a  drainage  manual. 

The  U.  S.  Weather  Bureau  is  preparing  a  series  of  reports  on  rainfall  intensity — 
duration — area — frequency  on  a  regional  basis.  Reports  so  far  published  include — 

The  Ohio  Valley   Tech.  Paper  Xo.  29— Part  1 

Southeastern   United   States    Tech.  Paper  Xo.  29 — Part  2 

The  Middle  Atlantic  Region    Tech.  Paper  No.  2°— Part  3 

Xortheastern   United  States    Tech.  Paper  No.  2° — Part  4 

Rainfall   Intensity-Duration-Frequency   Curves   for   Selected 
Stations    Tech.  Paper  No.  25 

Whin  completed  for  the  entire  country  these  reports  will  provide  a  considerable 
refinement  over  the  data  developed  by  Yarnell  and  published  in   1035. 

Federal  and  state  agencies  engaged  in  research,  accumulation  of  data,  and  statistical 
analysis  of  flood  runoff  phenomena  are  listed  below.  Available  published  information, 
and  in  some  instances  unpublished  data,  can  be  obtained  by  writing  to  any  one  of  the 
agencies;  however,  the  best  sources  for  a  comprehensive  bibliography  are  the  Geological 
Survey,  and  Bureau  of  Public  Roads. 

Federal 

United  States  Geological  Survey    (usualh    co-operating  with  State  agencies) 

Water  Supply  Papers 

Flood  Magnitude — Frequency  reports 
Bureau  of  Public  Roads 
Highway  Research  Board 
Soil  Conservation  Service 
Bureau  of  Reclamation 
Weather  Bureau 
Army   Engineers 

State 

Highway  Departments 

Water  Resources  Commissions 
Highway  Research  Boards 
Universities  (Some) 
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Summary 

It  seems  quite  evident  that  the  development  of  anything  like  a  universal  flood  flow 
formula  will  not  be  possible.  The  best  approach  is  to  study  the  record  of  what  has 
happened  in   the  locality,  with   properly   applied  statistical   analysis. 

As  discussed  above,  several  public  agencies  are  carrying  on  extensive  research  in  the 
field  of  flood  runoff  and  waterway  requirements.  Substantial  progress  has  already  been 
made  in  assembling  and  analyzing  data  for  the  larger  watersheds,  and  should  follow 
for  the  smaller  areas.  These  agencies  are  undoubtedly  much  better  situated,  both  in  full- 
time  personnel  in  this  specialized  field  and  in  access  to  pertinent  data  as  quickly  as  it 
becomes  available,  than  are  the  railroads.  Therefore,  it  would  seem,  the  needs  of  rail- 
road personnel  dealing  with  drainage  matters  are  best  served  by  having  at  hand  a  list 
of  agencies  through  which  they  can  obtain  the  latest  information  on  the  subject.  In 
order  to  take  full  advantage  of  this,  and  to  insure  uniformity  of  design  criteria  on  the 
individual  railroad,  it  is  advisable  that  all  drainage  recommendations  and  supporting 
data  should  clear  through  a  designated  "drainage  engineer"  before  final  decision. 

Conclusions 

For  the  present,  until  further  research  may  develop  more  reliable  methods  of  runoff 
determination,  the  following  methods  are  suggested  as  a  guide: 

For  the  smaller  watersheds  and  culvert-size  openings — 

a.  Permissible  continued  use  of  established  formulas,  runoff  tables,  etc.,  but  with 
due  consideration  to  their  limitations  and  the  need  for  adapting  them  to  fit 
local   conditions   and   runoff   experience. 

b.  Application  of  rainfall  intensity-duration-frequency  data,  either  directly  or 
indirectly,  as  a  basis  for  economic  design. 

For  the  larger  watersheds — - 

a.  Use  of  applicable  flood  magnitude-frequency  reports,  where  available,  to  supple- 
ment field  survey  and  highwater  experience  at  the  site. 

Most  drainage  design  on  railroads  now  is  for  replacement  of  existing  structures  for 
which  flood  experience  and  highwater  information  is  on  record.  In  line  relocations  in- 
volving new  drainage  sites,  review  of  experience  at  comparable  existing  waterways  will 
generally  provide  a  reliable  guide. 


Report  on  Assignment  4 
Culverts 

(a)  Erosion   Control   for   Outlet  Structures 

(b)  Methods  of   Repairing  and  Restoring  Short-Pipe-Section   Culverts 
That  Have  Pulled  Apart 

G.  D.  Mayor  (chairman,  subcommittee),  W.  T.  Adams,  R.  A.  Anderson,  J.  W.  DeMoyer, 
P.  G.  Martin,  J.  E.  Newby,  G.  F.  Nigh,  F.  S.  Patton,  C.  W.  Reeve,  G.  E.  Shaw. 

Your  committee  submits  as  information  the  following  report  on  Assignment  4 
(b)— Methods  of  Repairing  and  Restoring  Short-Pipe-Section  Culverts  That  Have 
Pulled  Apart. 
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FOREWORD 

The  failure  of  short-pipe-section  culverts  due  to  the  sections  pulling  apart  is  in- 
variably due  to  improper  installation,  or  to  the  selection  of  the  wrong  type  of  pipe  for 
the  particular  location,  terrain  and  physical  conditions  involved. 

Proper  installation  procedures  may  be  found  in  Part  4,  Chapter  1,  and  Part  10, 
Chapter  8  of  the  Manual.  If  carefully  followed,  they  should  prevent  premature  failure 
due  to  displacement  of  short  sections. 

RESTORING  AND  REPAIRING  PULLED-APART  SECTIONS 

1.  Uncovering 

This  method  may  be  used  successfully  for  shallow  culverts  of  small  diameter.  The 
engineer  will,  of  course,  decide  if  sheathing  is  necessary,  or  if  support  of  the  track 
structure  is  required. 

After  the  pipe  is  uncovered,  best  results  may  be  obtained  by  removing  the  short 
sections,  piece  by  piece,  and  preparing  the  bottom  of  the  trench  as  if  for  a  new  installa- 
tion. After  the  pipe  sections  are  reinstalled  to  proper  grade  and  alinement,  the  backfill 
material  should  be  carefully  selected,  placed  and  tamped  in  accordance  with  recommended 
practices. 

The  sections  should  be  reinstalled  from  the  downstream  end  and  the  joints  well 
sealed,  grouted  or  otherwise  fastened. 

2.  Jacking 

If  the  sections  are  displaced  laterally  but  remain  in  reasonably  gocd  alinement,  it  is 
sometimes  possible  to  jack  a  pipe  of  smaller  diameter  through  the  failed  culvert.  This  is 
advisable  only  where  it  is  feasible  to  restrict  the  size  of  the  opening.  Grouting  between 
the  pipes  is  advisable.  It  is  not  practicable,  in  most  cases,  to  attempt  to  jack  the  pulled- 
apart  sections  back  into  place. 

3.  Tunneling 

Any  attempt  to  repair  pulled-apart  sections  by  this  method  is  not  generally  advis- 
able. It  is  usually  more  satisfactory  to  tunnel  a  new  pipe  through  the  fill,  abandoning 
the  old  pipe  in  place.  The  engineer  should  determine  if  the  abandoned  pipe  must  be 
filled,  or  if  it  should  be  permitted  gradually  to  fill  itself. 

4.  Methods  of  Repair 

When  the  pipe  is  of  sufficient  diameter  to  permit  work  to  be  performed  inside  it, 
concrete  collars  may  be  formed  around  the  pulled-apart  joints,  or  metal  sleeves  may 
be  inserted  at  the  joints  inside  the  pipe.  Any  method  of  joint  repair  is  dependent  on 
condition-  existing  at  the  particular  installation.  Amount  of  displacement,  type  of  pipe 
sections,    and    condition    of    the    fill    are    governing    factors. 

5.  Fastenings  and  Special  Devices 

Internal  expansion  bands  air  used  by  some  railroads  with  success.  Metal  pipe  ma) 
be  riveted  or  bolted  together.  Concrete  sections  maj  he  secured  by  J  .•  by  4  in  steel 
straps  at  each  quarter  point.  The  straps  should  he  applied  both  inside  and  outside  and 
bolted  together  by  drilling  holes  through  the  concrete  Corrugated  pipe  bands  should 
be  securely  fastened,  and  riveted  or  bulled  a-  required. 

Concrete  bell-and-spigot  pipe  can  now  1m-  secured  with  oversize  bells  which  tend  to 
resist  pulling  apart  because  of  the  resistance  of  the  large  bell  area  to  displacement     \< 
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least  one  company  now  produces  concrete  tongue-and-groove  pipe  with  metal  plates 
formed  into  the  concrete  at  °0-deg  intervals  circumferentially  at  each  end  of  the  pipe. 
By  matching  the  plates  at  the  ends  of  each  section,  four  metal  straps  may  then  be 
spot  welded  to  the  plates  across  each  joint,  thus  providing  a  positive,  strong  connection. 
Several  make-shift  methods  are  used,  such  as  cables  or  rods  tightened  by  turn- 
buckles,  but  these  are  not  entirely  satisfactory. 

CONCLUSIONS 

No  entirely  satisfactory  methods  have  been  devised  to  repair  pulled-apart  short 
pipe  sections.  There  is  no  substitute  for  careful  installation  in  accordance  with  sound 
engineering  practices.  The  use  of  short  pipe  sections  should  be  avoided  where  prac- 
ticable. If  such  an  installation  is  deemed  economically  necessary,  a  careful  study  should 
be  made  to  determine  the  type  of  pipe  and  joint  fastening  to  be  used.  Due  considera- 
tion should  also  be  given  to  the  soil  conditions  by  exploration  and  testing,  as  differential 
settling  will  cause  early  failure.  The  installation  should  be  of  such  length  as  to  permit 
the  end  sections  to  extend  a  sufficient  distance  beyond  the  toe  of  the  fill  to  place  them 
beyond  the  compression  area. 


Report  on  Assignment  5 

Specifications  for  Pipelines  for  Conveying  Flammable  and 
Non-Flammable  Substances 

Collaborating  with  Committees   15  and  20 

K.  W.  Schoeneberg  (chairman,  subcommittee),  W.  T.  Adams,  C.  R.  Bergman,  L.  H. 
Bond,  J.  G.  Campbell,  H.  W.  Clarke,  H.  G.  Johnson,  F.  S.  Patton,  J.  W.  Purdy, 
C.  W.  Reeve,  R.  W.  Scott,  A.  J.  Wegmann. 

Last  year  your  committee  presented  as  information  a  tentative  redraft  of  Sec.  A. 
For  Flammable  Substances,  of  the  Specifications  for  Pipeline  Crossings  Under  Railway 
Tracks  (Proceedings,  Vol.  61,  1960,  pages  66S  to  670)  and  invited  comments  and  crit- 
cisms  thereon.  During  this  past  year  further  revision  and  refinements  to  these  specifica- 
tions have  been  made,  resulting  in  their  finalized  form,  which  is  presented  below  with 
the  recommendation  that  it  be  adopted  and  published  in  the  Manual,  replacing  the 
present  Sec.  A.  For  Flammable  Substances,  on  pages  1-5-1  to  middle  of  page  1-5-6. 
Your  committee  also  recommends  that  the  title  of  Part  5,  Chapter  1  of  the  Manual  be 
changed  from  "Pipe  Line  Crossings"  to  "Pipelines",  and  that  the  title  of  the  specifica- 
tions be  changed  from  "Specifications  for  Pipeline  Line  Crossings  Under  Railway 
Tracks",  to  "Specifications  for  Pipelines  for  Conveying  Flammable  and  Non-Flammable 
Substances." 

SPECIFICATIONS   FOR  PIPELINES   FOR  CONVEYING 
FLAMMABLE  AND  NON-FLAMMABLE  SUBSTANCES 

A.   FOR   FLAMMABLE   SUBSTANCES 
1.  Scope 

Pipelines  included  under  these  specifications  are  those  installed  to  carry  oil,  gas, 
petroleum   products,   or   other   flammable   or  highly   volatile  substances   under   pressure. 
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SEAL,  ScE      ART. 


FIG.      1 


2.  General  Requirements 

a.  Pipelines  under  railway  tracks  and  across  railway  rights-of-way  shall  be  encased 
in  a  large  pipe  or  conduit  called  the  casing  pipe  as  indicated  in  Fig.  1. 

Casing  pipe  may  be  omitted  in  the  following  locations: 

(1)  Under  secondary  or  industry  tracks  as  approved  by  the  chief  engineer  of  the 
railway  company. 

(2)  On  pipelines  in  streets  where  the  stress  in  the  pipe  from  internal  pressure 
and  external  loads  does  not  exceed  40  percent  of  the  specified  minimum  yield 
strength    (multiplied  by   longitudinal  joint  factor)    of  the  steel   pipe   material. 

Pipelines  shall  be  installed  under  tracks  by  boring  or  jacking,  if  practicable. 

Pipelines  shall  be  located,  where  practicable,  to  cross  tracks  at  approximately  right 
angles  thereto  but  preferably  at  not  less  than  45  deg  and  shall  not  be  placed  within  a 
culvert,  under  railway  bridges  nor  closer  than  45  ft  to  any  portion  of  any  railway 
bridge,  building  or  other  important  structure,  except  in  special  cases  and  then  l>\  special 
design  as  approved  by  the  chief  engineei   of  the  railway  company. 

b.  Pipelines  laid  longitudinally  on  railway  rights-of-way  shall  be  located  as  far  as 
practicable  from  any  tracks  or  other  important  structures.  It  located  within  15  it  of  the 
center  line  of  any  track  or  closer  than  45  It  to  Dearest  point  of  any  bridge,  building  or 
other  important  structure,  the  carrier  pipe  shall  be  encased  or  of  special  design  as 
approved  by  the  chief  engineer  of  the  railway  company. 

c.  Any  replacement  of  a  carrier  pipe  shall  be  considered  a  new  installation,  subject 
to   the   requirements  of   these   specifications. 

d.  Where  laws  or  orders  of  public  authority  prescribe  a  higher  degree  ol  protection 
than  specified  herein,  then  the  higher  degree  of  protection  so  prescribed  shall  be  deemed 
a  part  of  these  specification^ 

e.  Pipelines  and  casing  pipe  shall  be  suitabl)    insulated  from  underground  conduits 

carrying  electric  wires  on  railway  rights-of-way. 
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f.  All  pipelines,  except  those  in  streets,  shall  be  prominently  marked  at  the  rights- 
of-way   (on  both  sides  of  track  for  undercrossings)   by  signs  substantially  worded  thus: 

''High   pressure    main    ft  under" 

3.  Carrier  Pipe 

Pipelines  carrying  oil,  liquefied  petroleum  gas,  natural  or  manufactured  gas  and 
other  flammable  products  shall  conform  to  the  requirements  of  the  current  ASA  B  31.4, 
Code  for  Oil  Transportation  Piping,  ASA  B  31.8,  Code  for  Gas  Transmission  and  Dis- 
tribution Piping  Systems,  and  other  applicable  ASA  codes,  except  that  the  maximum 
.llowable  stresses*  for  design  of  steel  pipe  shall  not  exceed  the  following  percentages 
,i  the  specified  minimum  yield  strength  (multiplied  by  longitudinal  joint  factor)  of  the 
pipe  as  defined  in  the  ASA  codes: 

a.  Steel  pipe  within  a  casing  under  railway  tracks  and  across  railway  rights-of-way 
(the  following  percentages  apply  to  hoop  stress): 

(1)  Seventy-two  percent  for  installations  on  oil  pipelines. 

(2)  Fifty  percent  for  pipelines  carrying  liquefied  petroleum  gas  and  other  flam- 
mable liquids  with  low  flash  point. 

(3)  Sixty  percent  for  installations  on  gas  pipelines. 

b.  Steel  pipe  without  a  casing  under  secondary  or  industry  tracks  (the  following 
percentages  apply  to  the  sum  of  the  hoop  stress  due  to  the  maximum  anticipated  internal 
pressure  and  the  flexural  ring  stress  due  to  external  loads) : 

(1)  Sixty  percent  for  installations  on  oil  pipelines. 

(2)  Forty  percent  for  pipelines  carrying  liquefied  petroleum  gas  and  other  flam- 
mable liquids  with  low  flash  point. 

(3)  Fifty  percent  for  installations  on  gas  pipelines. 

c.  Steel  pipe  laid  longitudinally  on  railway  rights-of-way  (the  following  per- 
centages apply  to  hoop  stress) : 

(1)  Sixty  percent  for  installations  on  oil  pipelines. 

(2)  Forty  percent  for  pipelines  carrying  liquefied  petroleum  gas  and  other  flam- 
mable liquids  with  low  flash  point. 

(3)  Forty  percent  for  installations  on  gas  pipelines. 

The  minimum  wall  thickness  for  steel  or  wrought  iron  carrier  pipe  shall  be  0.2  in. 
For  pipelines  \y2  in.  in  diameter  and  smaller,  operating  at  pressures  less  than  100  psi, 
a  thickness  not  less  than  that  specified  for  extra-strong  steel  pipe  by  the  U.  S.  Depart- 
ment of  Commerce,  National  Bureau  of  Standards,  may  be  used. 

Requisites  for  carrier  line  pipe  under  railway  tracks  shall  apply  for  a  minimum 
distance  of  50  ft  (measured  at  right  angles)  from  center  line  of  outside  tracks  or  2  ft 
beyond  toe  of  slope  or  25  ft  beyond  the  ends  of  casing  (when  casing  is  required), 
whichever  is  greater.  This  requirement  does  not  apply  to  lines  in  streets. 

The  pipe  shall  be  laid  with  sufficient  slack  so  that  it  is  not  in  tension. 

4.  Casing  Pipe 

Casing  pipe  and  joints  shall  be  of  metal  and  of  leakproof  construction,  capable 
of  withstanding  railway  loading. 


*  If  the  maximum  allowable  stress  in  the  carrier  pipe  on  either  side  of  the  crossing  is  less  than 
specified  above,  the  carrier  pipe  at  the  crossing  shall  be  designed  at  the  same  stress  as  the  adjacent 
carrier  pipe. 
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Wall  Thickness  for  Steel  Casing  Pipe  for  E  72  Loading  (Including  Impact) 

Minimum 

Thickness  Diameter  o)  Pipe 

Inches  Inches 

0.188      Under  12?4 

0.21Q      12^4 

0.250      14  and   1 6 

0.281      18 

0.312      20 

0.344      22 

0.375      24  and  26 

0.406      28 

0.438      30 

0.500      32  and  34 

0.563      36,  38  and  40 

0.625      42 

Steel  pipe  to  have  a  minimum  yield  strength  of  35,000  psi. 

When  casing  is  installed  without  benefit  of  a  protective  coating,  and  said  casing 
is  not  cathcdically  protected,  the  wall  thickness  shown  above  shall  be  increased  to  the 
nearest  standard  size  which  is  a  minimum  of  0.0t>3  in  greater  than  the  thickness  shown 
except  for  diameters  under  123^  in. 

Cast  iron  may  be  used  as  casing  pipe  provided  the  method  of  installation  is  by 
open  trench.  Cast-iron  pipe  used  as  casing  shall  conform  to  American  Standards  Asso- 
ciation Specification  A  21.  The  pipe  shall  be  of  the  mechanical  joint  type  or  plain-end 
pipe  with  compression-type  couplings.  The  strength  of  cast-iron  pipe  to  sustain  external 
loads  shall  be  computed  in  accordance  with  ASA  A  21.1  "Manual  for  the  Computation 
of  Strength  and  Thickness  of  Cast-Iron  Pipe."  Pit-cast  pipe  may  be  used  up  to  20  in 
diameter.   Centrifugal-cast  pipe  shall  be  used  for  pipes  over  20  in  diameter. 

The  inside  diameter  of  the  casing  pipe  shall  be  such  as  to  allow  the  carrier  pipe  to 
be  removed  subsequently  without  disturbing  the  casing  pipe.  All  joints  or  couplings, 
supports,  insulators  or  centering  devices  for  the  carrier  pipe  within  a  casing  under  rail 
road  tracks  shall  be  taken  into  account.  In  addition,  a  minimum  vertical  deflection  of 
the  casing  pipe  of  3  percent  of  its  diameter  plus  ]/2  in  clearance  shall  be  provided  so 
that  no  loads  from  the  roadbed,  track,  traffic  or  casing  pipe  itself  are  transmitted  to  the 
carrier  pipe.  When  insulators  are  used  on  the  carrier  pipe  the  inside  diameter  of  the 
casing  pipe  shall  be  at  least  2  in  greater  than  the  outside  diameter  of  the  carrier  pipe 
for  pipe  less  than  8  in.  in  diameter;  at  least  3J4  in  greater  for  pipe  8  in  to  16  in,  inch, 
in  diameter  and  at  least  4^  in  greater  for  pipe  18  in.  in  diameter  and  over. 

Casing  pipe  under  railway  tracks  and  across  railway  rights-of-way  shall  extend  to 
the  greater  of  the  following  distances,  measured  at  right  angles  to  center  line  of  track: 

a.  2  ft  beyond  toe  of  slope. 
Ii.   1  ft  beyond  ditch  line. 

c.  A  minimum  distance  of  25   ft  each  side  from  center  line  of  outside  track   when 
casing  is  sealed  at  both  ends. 

d.  A  minimum  distance  of  45  ft  each  side  from  center  line  of  outside  track  when 
casing  is  open  at  both  ends. 

If  additional  tracks  are  constructed  in  the  future,  the  casing  shall  In-  extended 
correspondingly. 
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5.  Construction 

Casing  pipe  shall  be  so  constructed  as  to  prevent  leakage  of  any  substance  from 
the  casing  throughout  its  length,  except  at  ends  of  casing  where  ends  are  left  open,  or 
through  vent  pipes  when  ends  of  casing  are  sealed.  Casing  shall  be  so  installed  as  to 
prevent  the  formation  of  a  waterway  under  the  railway,  and  with  an  even  bearing 
throughout  its  length,  and  shall  slope  to  one  end   (except  for  longitudinal  occupancy). 

Installations  by  open-trench  methods  shall  comply  with  Installation  of  Pipe  Culverts, 
Part  4,  this  Chapter. 

Bored  or  jacked  installations  shall  have  a  bored  hole  diameter  essentially  the  same 
as  the  outside  diameter  of  the  pipe  plus  the  thickness  of  the  protective  coating.  If  voids 
should  develop  or  if  the  bored  hole  diameter  is  greater  than  the  outside  diameter  of 
the  pipe  (including  coating)  by  more  than  approximately  1  in,  remedial  measures  as 
approved  by  the  chief  engineer  of  the  railway  company  shall  be  taken.  Boring  opera- 
tions shall  not  be  stopped  if  such  stoppage  would  be  detrimental  to  the  railway. 

Tunnelling  operations  shall  be  conducted  as  approved  by  the  chief  engineer  of  the 
railway  company.  If  voids  are  caused  by  the  tunnelling  operations,  they  shall  be  filled 
by  pressure  grouting  or  by  other  approved  methods  which  will  provide  proper  support. 

Where  casing  and/or  carrier  pipe  is  cathodically  protected,  the  chief  engineer  of 
the  railway  company  shall  be  notified  and  suitable  test  made  to  insure  that  other  rail- 
way structures  and  facilities  are  adequately  protected  from  the  cathodic  current  in  ac- 
cordance with  the  recommendations  of  Reports  of  Correlating  Committee  on  Cathodic 
Protection,  published  in  July  1051  by  the  National  Association  of  Corrosion  Engineers. 

6.  Inspection  and  Testing 

ASA  Codes  B  31.8  and  B  31.4,  current  at  time  of  constructing  the  pipeline,  shall 
govern  the  inspection  and  testing  of  the  facility  within  the  railway  rights-of-way  except 
that  the  proof  testing  of  strength  of  carrier  pipe  shall  be  in  accordance  with  require- 
ments of  ASA  Code  B  31.8  for  Location  Classes  2,  3  or  4  or  ASA  Code  B  31.4,  as 
applicable. 

7.  Seals 

Where  ends  of  casing  are  below  ground  they  shall  be  suitably  sealed  to  outside  of 
carrier  pipe. 

Where  ends  of  casing  are  at  or  above  ground  surface  and  above  high-water  level 
they  may  be  left  open,  provided  drainage  is  afforded  in  such  manner  that  leakage  will 
be  conducted  away  from  railway  tracks  or  structure.  Where  proper  drainage  is  not  pro- 
vided, the  ends  of  casing  shall  be  sealed. 

8.  Vents 

Casing  pipe,  when  sealed,  shall  be  properly  vented.  Vent  pipes  shall  be  of  sufficient 
diameter,  but  in  no  case  less  than  2  in.  in  diameter,  shall  be  attached  near  end  of  casing 
and  project  through  ground  surface  at  right-of-way  lines  or  not  less  than  45  ft 
(measured  at  right  angles)   from  center  line  of  nearest  track. 

Vent  pipe,  or  pipes,  shall  extend  not  less  than  4  ft  above  ground  surface.  Top  of 
vent  pipe  shall  be  fitted  with  down-turned  elbow  properly  screened,  or  a  relief  valve. 
Vents  in  locations  subject  to  high  water  shall  be  extended  above  the  maximum  eleva- 
tion of  high  water  and  shall  be  supported  and  protected  in  a  manner  that  meets  the 
approval  of  the  chief  engineer  of  the  railway  company. 

Vent  pipes  shall  be  at  least  4  ft  (vertically)  from  aerial  electric  wires, 
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9.   Depth  of   Installation 

a.  Casing  pipe  under  railway  tracks  and  across  railway  rights-of-way  shall  be  not 
less  than  5l/2  ft  from  base  of  railway  rail  to  top  of  casing  at  its  closest  point,  except  that 
under  secondary  or  industry  tracks  this  distance  may  be  Al/2  ft.  On  other  portions  of 
rights-of-way  where  casing  is  not  directly  beneath  any  track,  the  depth  from  ground 
surface  or  from  bottom  of  ditches  to  top  of  casing  shall  not  be  less  than  3  ft. 

b.  Carrier  pipe  installed  under  secondary  or  industry  tracks  without  benefit  of 
casing  shall  be  not  less  than  Al/2  ft  from  base  of  railway  rail  to  top  of  pipe  at  its  closest 
point  nor  less  than  3  ft  from  ground  surface  or  from  bottom  of  ditches. 

c.  Pipeline  laid  longitudinally  on  railway  rights-of-way,  50  ft  or  less  from  center 
line  of  track,  shall  be  buried  not  less  than  5  ft  from  ground  surface  to  top  of  pipe. 
Where  pipeline  is  laid  more  than  50  ft  from  center  line  of  track,  minimum  cover  shall 
be  at  least  2  ft. 

10.  Shut-Off  Valves 

Accessible  emergency  shut-off  valves  shall  be  installed  within  effective  distances  each 
side  of  the  railway  as  mutually  agreed  to  by  the  chief  engineer  of  the  railway  company 
and  the  pipeline  company.  Where  pipelines  are  provided  with  automatic  control  sta- 
tions at  locations  and  within  distances  approved  by  the  chief  engineer  of  the  railway 
company,  no  additional  valves  shall  be  required. 

11.  Approval  of  Plans 

Plans  for  proposed  installation  shall  be  submitted  to  and  meet  the  approval  of  the 
chief  engineer  of  the  railway  company  before  construction  is  begun.  Plans  shall  be 
drawn  to  scale  showing  the  relation  of  the  proposed  pipeline  to  railway  tracks,  angle  of 
crossing,  location  of  valves,  railway  survey  station,  right-of-way  lines  and  general  lay- 
out of  tracks  and  railway  facilities.  Plans  should  also  show  a  cross  section  (or  sections) 
from  field  survey,  showing  pipe  in  relation  to  actual  profile  of  ground  and  tracks.  If 
open  cutting  or  tunnelling  is  necessary,  details  of  sheeting  and  method  of  support  in1-' 
tracks  or  driving  tunnel  shall  be  shown. 

The  execution  of  the  work  on  railway  rights-of-way,  including  the  supporting  of 
tracks,  shall  be  subject  to  the  inspection  and  direction  of  the  chief  engineer  of  the  rail- 
way company. 

In  addition   to  the  above,  plans  should  contain  the  following  data: 

Carrier  Pipe  Casing  Pipe 

Contents  to  be  handled 

Outside  diameter   

Pipe  material   

Specification  and  grade   

Wall   thickness    

Actual  working  pressure    

Type  of  joint   

Coating    

Method  of  installation   

Vents:   Number    Size    Hgt,  above  ground 

Seals:    Both   ends    One   end    

Bury:    Base  of  rail  to  top  of  casing   ft in. 

Bury:    (Not  beneath   tracks)    ft in. 

Bury:     (Roadway    ditches)     ft in. 

Cathodic  protection    

Type,  size  and  spacing  of  insulators  or  supports. 
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Report  on  Assignment  6 
Roadway :   Formation  and  Protection 

(a)  Roadbed  Stabilization 

(b)  Slope  Protection  by  Use  of  Additives 

(c)  Performance  of  Filter  Materials  in  Subdrains 

(d)  Gypsum  Treatment  of  Subgrade  to  Improve  Track  Drainage 

J.  B.  Farris  (chairman,  subcommittee),  K.  W.  Bradley,  T.  W.  Creighton,  B.  H.  Crosland, 
G.  W.  Guinn,  H.  O.  Ireland,  A.  E.  Lewis,  W.  G.  Murphv,  J.  E.  Newby,  A.  J. 
Pacelli,  G.  VV.  Payne,  F.  L.  Peckover,  S.  W.  Sweet. 

Under  this  assignment  your  committee  presents  recommendations  for  adoption  and 
publication  in  the  Manual,  and  a  progress  report  on  Assignment  6  (a) — Roadbed  Stabili- 
zation, which  was  abstracted  from  a  detailed  report  entitled  Slope  Failure  of  Railroad 
Cuts  in  Stiff  Clay,  Southwestern  Iowa,  by  J.  D.  Scott  and  D.  U.  Deere.  The  latter  re- 
port is  the  result  of  a  cooperative  investigation  between  the  University  of  Illinois  and 
the  Research  Department  (Engineering)  of  the  Association  of  American  Railroads,  spon- 
sored by  your  committee.  The  University  part  of  the  investigation  was  under  the  direc- 
tion of  R.  B.  Peck,  professor  of  foundation  engineering;  the  work  for  the  AAR  Research 
Department  was  under  the  direction  of  G.  M.  Magee,  director  of  engineering  research, 
and  in  the  direct  charge  of  Rockwell  Smith,  research  engineer  roadway.  This  work  will 
be  discontinued  in  1061,  as  no  appropriation  will  be  available  for  further  investigations. 

Manual  Recommendations 

The  specific  recommendations  of  your  committee  with  respect  to  the  Manual  are  as 
follows: 

Delete  the  material  on  Formation  of  Roadway — Recommendations,  Manual  pages 
1-1-1   to   1-1-7,  incl.,  substituting  therefor  the  following: 

FORMATION   OF   ROADWAY-RECOMMENDATIONS 
GENERAL 

The  purpose  of  this  general  discussion  on  formation  of  the  roadway  is  to  impress 
upon  construction  agencies  the  need  for  close  supervision  and  attention  to  detail,  and  for 
considering  earth  work  as  a  structure  that  will  be  a  component  part  of  the  completed 
railroad. 

It  is  not  practical  to  present  recommendations  for  the  formation  of  the  roadway 
which  will  cover  all  conceivable  conditions  to  be  encountered  in  the  field.  There  are, 
however,  a  number  of  general  considerations  applicable  to  all  projects;  the  following  is 
a  brief  discussion  of  the  more  important  factors. 

There  has  been  a  marked  advance  in  soil  engineering  procedures  during  recent  years 
spurred  by  increases  in  speed  and  weight  of  vehicular  and  airborne  traffic.  It  is  now 
necessary  to  consider  soil  as  a  structural  material,  and  the  design  and  construction  of 
earth  structures  and  foundations  should  be  based  on  this  premise  for  the  most  service- 
able performance.  These  recommendations  are  based  on  this  consideration. 

The  analogy  of  soil  as  a  structural  material,  however,  is  subject  to  severe  limita- 
tions when  compared  to  steel  and  other  materials  produced  under  close  quality  control. 
Steel  of  standard  grades  will  exhibit  the  same  properties  in  one  part  of  the  world  as  in 
another.  Soils,  on  the  contrary,  with  almost  identical  appearance,  may  vary  widely  in 
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performance  properties  from  one  place  to  another  if  there  is  a  difference  in  geological 
origin  or  environmental  factors  involved  in  their  evolution  to  the  present  state.  On  the 
other  hand,  soils  with  these  factors  the  same  may  under  the  same  conditions  react  verj 
similarly.  This  is  shown  by  the  soil  classifications  which  have  been  developed,  such  as 
those  of  the  United  States  Department  of  Agriculture  in  its  countrywide  soil  mapping 
projects.  The  limitation,  for  railroad  use.  of  these  particular  classifications,  is  that  they 
deal  mainly  with  the  weathered  surface  horizons  of  the  soil.  Other  classifications,  such  as 
those  of  the  U.  S.  Corps  of  Engineers,  Bureau  of  Public  Roads,  Bureau  of  Reclamation, 
Civil  Aeronautics  Administration  and  the  American  Association  of  State  Highway  Offi- 
cials are  in  general  more  applicable  for  railroad  use.  No  extensive  soil  engineering  maps 
are  available  as  yet  from  these  sources.  Some  such  maps,  however,  have  been  prepared 
by  a  number  of  state  highway  departments. 

Because  of  the  widely  variant  properties  exhibited  by  soils,  every  project  must  be 
considered  as  requiring  independent  investigation  of  the  engineering  properties  involved 
until  such  time  as  correlation  has  been  established  and  geological  and  performance  data 
developed  showing  the  similarity  of  origin  and  action.  Such  data  are  valuable  as  a  guide 
but  should  not  serve  as  a  substitute  for  a  more  detailed  investigation;  they  can  sub- 
stantially decrease  the  testing  and  investigation  required  for  any  one  project.  Additional 
information  so  acquired  can  be  added  to  available  knowledge. 

In  addition  to  soil  features,  the  width,  alinement  (both  vertical  and  horizontal),  and 
the  depth  of  ballast  are  prime  considerations  in  the  design  of  the  roadway.  These  can 
often  be  standardized  throughout  a  district  based  on  traffic,  soils  and  drainage  topogra- 
phy. The  ultimate  design  should  be  based  on  the  completed  track  as  a  unit  and  engi- 
neered to  that  end.  It  can  be  assumed  for  the  general  case  that  ballast  requirements  will 
be  about  1  ft  of  top  ballast  under  the  ties  with  6  in  or  more  of  sub-ballast.  The  depth 
iif  sub-ballast  will  vary  to  produce  the  desired  stability  over  varying  subgrade  materials 
if  grading  conditions  do  not  permit  the  desired  quality  in  the  subgrade. 

Prior  to  the  design  and  construction  of  roadway  projects  full  information  with 
regard  to  topography,  drainage,  geology  and  soils,  including  foundations,  must  be  devel- 
oped in  preliminary  surveys  and  investigations. 

Preliminary  Investigations 

Horizontal  and  vertical  alinement  are  established  by  the  topographic  survey  with 
full  weight  given  to  traffic  requirements.  Diesel  power  may  permit  a  more  advantageous 
horizontal  alinement  from  the  standpoints  of  curvature  and  more  suitable  and  stable 
soil  and  drainage  conditions  as  well  as  giving  possibilities  for  shorter  mileage.  These  sur- 
veys are  standardized. 

Surface  drainage  surveys  are  of  extreme  importance.  Adequate  allowance  must  be 
made  for  conditions  that  may  occur  only  at  occasional  intervals,  the  length  of  which 
intervals  will  be  determined  by  the  importance  of  the  line.  A  50-year  probability  appears 
to  be  a  minimum  for  the  more  important  projects  with  provisions  made  lor  the  repair 
of  damage  from  the  more  extreme  conditions  possible. 

Also  of  considerable  importance  is  the  investigation  of  subsurface  water  conditions 
and  drainage.  Both  surface  and  subsurface  drainage  are  discussed  in  Roadwa)  Drainage, 
Part    1,  this  chapter. 

To  determine  the  properties  of  the  materials  to  l»e  encountered  in  tin  grading,  ap- 
preciable investigation  is  required.  A  geological  and  -si.il  survey  permits: 
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1.  Mapping  of  the  soil,  rock  profile  and  ground  water  levels. 

2.  The  selection  and  classification  of  representative  samples  for  the  determination 
of  the  soil  properties  by  means  of  tests. 

3.  Determining  the  nature,  extent,  existing  density  and  moisture  of  the  soils  and 
the  characteristics  of  the  shale  and  rock  in  situ  to  serve  as  a  basis  for  design. 

4.  Determining  the  proper  methods  of  handling  the  materials  and  the  test  require- 
ments that  should  be  incorporated  in  the  specifications. 

5.  Collecting  data  as  a  part  of  the  project  record  for  future  use  in  studies  of 
performance. 

The  foregoing  is  practically  self-explanatory  and  applies  equally  to  surveys  for 
foundations.  Specifications  for  test  borings  and  sampling  are  given  in  Part  1,  this  Chap- 
ter of  the  Manual.  Sampling  techniques  are  of  extreme  importance  in  analyses.  Informa- 
tion on  physical  characteristics  and  classification  of  soils  also  appears  in  Part  1,  this 
Chapter  of  the  Manual.  The  classifications  given  are  based  on  usual  performance  in 
soil  structures  and  should  be  adequate  for  planning  the  usual  railroad  construction  em- 
bankments. Other  classifications  are  available  if  more  detailed  information  is  desired.  For 
investigations  of  granular  materials  and  to  determine  the  depth  to  bedrock,  the  use  of 
resistivity  and  seismic  investigations  may  be  economical  and  fast,  and  reasonably  accu- 
rate. These  methods,  however,  are  indirect  and  require  some  confirmation  through  check 
borings  and  sampling. 

DESIGN 

The  surveys  and  pertinent  tests  supply  the  data  on  which  the  design  should  be 
based.  Decisions  for  alinement  and  typical  section  should  be  based  on  traffic  considera- 
tions and  topographical  features  with  modifications  as  indicated  by  the  drainage  and 
soils  data.  The  geographical  location  will  also  influence  the  design.  In  areas  of  high  snow- 
fall, for  instance,  wide  ditches  in  cut  areas  are  often  essential  to  provide  snow  storage, 
and  flatter  slopes  are  usually  advantageous  to  facilitate  self-clearing  by  prevailing  winds. 
In  all  areas  adequate  ditches  for  surface  water  interception  and  run-off  will  pay  divi- 
dends in  reduced  maintenance  and  increased  stability. 

Cuts  in  Light-Textured  Soils 

Soil  types  present  should  influence  the  design  of  slopes  in  addition  to  the  above  con- 
siderations. As  an  example,  loessal  silts  stand  well  on  almost  a  vertical  face.  This  is 
apparently  due  to  the  cementing  agent  usually  present  which  gives  the  material  an  un- 
usually high  internal  friction  in  situ.  The  same  is  true  of  fully  cemented  sands  and 
gravel.  On  the  other  extreme,  sands,  particularly  the  finer  materials,  will  not  stand  for 
any  length  of  time  on  a  steep  slope  as  they  will  be  subject  to  undercutting  and  top 
cave-ins.  Also,  on  the  flatter  slopes  severe  erosion  will  occur,  and  in  the  finer  materials 
other  preventive  measures  should  be  included,  such  as  wide  ditches,  stabilization  of  the 
slopes,  stimulation  of  vegetation  or  a  filter  blanket  of  graded  sand  and  gravel. 

Observations  of  adjacent  works  and  particularly  of  natural  slopes  in  the  vicinity 
are  valuable  in  slope  design. 

Cuts  in  Clay 

For  the  heavier  textured  soils  the  slopes  should  be  designed  according  to  depth  of 
cut  and  the  presence  of  various  soil  types.  For  general  use  clay  soils  of  high  plasticity 
should  not  be  designed  with  slopes  steeper  than  ll/2  horizontal  to  1  vertical,  and  this 
slope  should  not  prevail  for  heights  greater  than   IS   ft.  The  type  of  material  and  test 
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results,  particularly  plasticity  factors  (sec  Physical  Properties  "i  Earth  Materials,  Part  1, 
this  Chapter)  and  swelling  properties,  will  guide  the  design  of  slopes  and  the  width  of 
bcrm  required  in  the  deeper  cuts.  As  a  general  rule  the  width  of  berm  should  not  be  less 
than  one-half  the  vertical  rise,  such  as  a  15-ft  rise  with  a  V/>  ft  berm  at  the  top  fol- 
lowed by  a  second  IS  ft-rise  also  on  lJ/2  to  1  slope.  In  soils  of  medium  and  low  plasticity 
modifications  are  possible.  The  berm  system  will  provide  an  average  slope  of  2  to  1  or 
flatter.  The  use  of  berms  compared  to  a  straight  2  to  1  slope  is  a  design  feature  to  be 
determined  by  topography  and  economics.  In  general,  in  deeper  cuts  berms  may  be 
desirable.  With  good  drainage  the  ditches  are  not  subject  to  the  slough  and  run-off  from 
the  entire  face. 

Cuts  in  Non-Uniform  Soils 

In  cuts  with  varied  soil  types  berms  are  usually  advantageous  at  the  line  of  change 
of  soil  type.  Slopes  can  be  varied  as  indicated  for  each  soil.  As  an  example,  for  loessal 
silts  over  sand  and  gravel  over  heavy  clay  the  slopes  may  vary  upward  from  2  to  1  for 
the  clay  to  \l/2  to  1  for  the  granular  material  and  f/z  to  1  or  steeper  for  the  silt,  with 
suitable  berms  as  required.  The  pertinent  feature  of  this  discussion  is  the  use  of  survey 
data  in  the  design.  A  valid  criterion  also  is:  the  deeper  the  cut  the  wider  the  ditch  with- 
out slope  steepening. 

A  feature  which  previously  has  not  entered  into  railroad  grading  design  prominently 
enough  is  the  use  of  top  soil  on  the  slopes.  Erosion  can  be  reduced  materially  if  the  top 
soil  is  stock,  piled  and  later  spread  on  the  slopes.  This  will  provide  a  seed  bed  requiring 
a  minimum  of  fertilizing.  While  this  will  add  to  the  cost  of  the  project,  it  should  pay 
dividends  in  reduction  of  ditch  cleaning  requirements  and  embankment  restoration. 

Clay  Embankments 

For  embankment  construction,  soil  data  as  disclosed  by  preliminary  subsurface 
borings  and  tests  is  of  great  importance.  Liquid  limits  over  65  for  the  soil  material  fall- 
ing into  the  high  plasticity  area  of  the  chart  shown  in  Physical  Properties  of  Earth  Ma- 
terials, Part  1,  this  Chapter,  should  be  considered  carefully  for  its  use  in  fills.  Additional 
tests  to  determine  swelling  properties  should  be  made.  If  a  swell  of  over  4  percent  under 
nominal  load  is  shown,  the  materials  should  be  excluded  from  the  top  portion  of  the 
grade  and  if  possible  economically  wasted.  The  criterion  of  65  does  not  necessarily  in- 
clude all  materials  of  high  swelling  nature.  A  liquid  limit  of  50  with  a  plasticity  index 
approaching  50  will  probably  exhibit  similar  properties. 

The  slope  of  the  fills  will  largely  be  a  function  of  the  soil  data.  For  clay  soils  ex 
perience  has  shown  that  a  height  of  approximately  15  ft  is  the  practical  limit  for  fills 
on  V/2  to  1  slopes.  For  higher  fills  the  general  rule  given  for  cuts  can  be  followed  i 
bcrm  7'j  ft  wide  for  each  IS  ft  of  height.  Here  also  topographical  survey  information 
will  indicate  whether  a  bcrm  should  be  used  rather  than  straight  slopes  of  2  to  1  or 
flatter.  For  soils  approaching  a  liquid  limit  of  65.  often  the  maximum  slope  at  which 
they  will  stand  without  severe  sloughing  may  approach  4  to  1. 

Sandy  Soils 

Sands  and  gravels  will  stand  i<>r  any  height  at  a  l'j  to  l  slope,  but  will  be  subject 
to  severe  erosion  if  binder  material  is  not  present,  Sand-  with  -ill  and  <  la\  contents  are 
subject  to  greater  general  stability  but  are  subject  to  interpretation  of  tests  tor  safet] 
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Shrinkage  in  Soils 

Shrinkage  factors  will  always  be  present  to  cause  a  difference  between  the  excavated 
quantities  and  quantities  in  embankments.  Most  non-granular  soils,  if  compacted  in  the 
embankment,  will  occupy  5  to  20  percent  less  volume  than  in  their  original  position. 
This  is  subject  to  variation  because  of  the  factors  that  have  entered  into  the  disposition 
of  the  soil  in  its  original  position.  Closer  approximation  of  the  shrinkage  to  be  expected 
can  be  determined  by  in-place  density  tests  on  the  original  material  with  estimates 
based  on  tests  of  the  expected  density  in  the  embankments.  Granular  material  will  show 
very  little  shrinkage  for  usual  conditions,  but  it  is  possible  for  sand  and  gravel  to  ap- 
pear in  nature  in  a  very  loose  state.  Shrinkage  on  light  grading  work  will  normally  be 
larger  than  on  heavy  work,  because  of  waste  stripping  and  filling  outside  limits  which 
will  account  for  a  greater  proportion  of  the  material  involved  in  the  construction. 

Rock  Fills 

Solid  rock  if  blasted  and  used  in  the  embankment  will  swell  a  minimum  of  50  per- 
cent, possibly  and  often  up  to  70  percent.  Fills  constructed  entirely  of  excavated  solid 
rock  will  show  this  swell,  but  if  mixed  with  soil  and  fully  compacted  will  show  little  or 
no  change  except  for  the  shrinkage  involved  in  the  soil  portion.  The  same  is  true  of 
loose  rock  included  in  soil  material. 

General 

The  fill  should  be  designed  for  stability,  and  this  design  will  vary  according  to  the 
type  of  soil  material  involved.  Soil  tests  will  indicate  measures  to  be  taken.  Factors  to  be 
considered  are  changes  that  may  occur  on  exposure,  especially  applicable  to  shales  and 
some  hard  clays ;  erosion ;  and  compacted  swell  properties.  Stability  can  be  computed 
on  the  basis  of  unconfined  compression  tests  on  compacted  specimens  using  moisture 
contents  that  approach  the  worst  conditions  expected  in  the  fill.  It  should  be  noted, 
however,  that  as  a  result  of  changes  in  moisture  content,  shrinkage  may  occur  on  dry- 
ing, followed  by  a  swell  with  an  increase  in  moisture,  which  may  reduce  the  strength 
appreciably.  As  an  example,  a  clay  when  compacted  at  optimum  moisture  can  show 
strength  of  1500  lb  per  sq  ft,  but  after  swelling  this  strength  may  be  reduced  one-third 
or  more.  For  large  and  important  projects  greater  and  more  refined  tests  and  analyses 
can  be  justified. 

It  is  often  advisable  to  widen  the  fills  with  increasing  height.  It  is  good  practice  to 
widen  fills  1  ft  per  each  15  ft  of  fill  above  15  ft  in  height.  With  flatter  slopes  and  other 
conditions,  such  widening  can  be  reduced,  provided  the  slopes  are  protected  from  ero- 
sion. Local  soil  conditions  and  climate  also  apply. 

Foundations 

A  second  factor  in  the  design  of  fills  is  the  support  of  the  original  ground  on  which 
the  fill  will  be  placed.  A  50-ft  fill  will  exert  a  pressure  of  approximately  6,000  lb  per 
sq  ft.  If  the  foundation  is  unable  to  support  this  load,  displacement  will  occur  which 
may  prove  troublesome  for  years.  Under  most  fills  of  any  height,  consolidation  of  the 
underlying  material  is  common.  This  in  itself  is  not  serious  if  fracture  and  displacement 
is  not  connected  with  it.  Tests  of  the  foundation  materials  should  include  strength  and 
consolidation  tests  as  well  as  plasticity  factors  and  a  study  of  moisture  conditions.  In 
general,  a  fill  placed  slowly  will  produce  straight  densification  of  the  underlying  material 
with   an   accompanying   increase   in   strength   that   can   permit   the   fill   to   be   completed 
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without  failure.  To  accelerate  consolidation  a  surcharge  ma)  In-  placed  on  t hi-  till  ic.  be 
removed  prior  to  track  laying    Tin-  problem  can  be  analyzed  from  adequate  I 

To  construct  a  grade  when-  displacement  oi  the  underlying  material  if  probable,  ■ 
comprehensive  study  of  the  situation  is  needed  In  i*-.it  and  muck  a  relief  trench  can  be 
excavated  along  the  center  line  to  the  depth  possible  with  a  dragline  or  similar  equip 
ment  and  a  submerged  fill  constructed  of  granular  material.  The  sand  and  gravel  will 

permit  the  escape  of  water  as  the  fill  densities,  and  the  upper  portion  ol  the  fill  can  )'<• 

constructed  of  normal  grading  materials.  Other  situations  i>t  a  K-s-  serious  nature  mi^ht 
call  for  an  lS-in  to  3-ft  blanket  of  permeable  material  on  the  original  mound  with  the 
fill  placed  above  this.  , 

Foundation  drain  wells  consisting  of  drilled  or  driven  holes  backfilled  with  coarse 
material  have  also  on  occasion  been  useful  in  accelerating  subsidence  without  failure 
Still  other  foundation  problems  may  react  favorably  to  a  berm  at  the  toe  of  the  slope, 
extending  to  sufficient  width  to  prevent  the  lateral  and  upward  displacement  of  tin- 
foundation.  These  factors  lend  themselves  to  analytical  methods  based  on  soil  strengths 
developed  in  tests. 

In  the  design  of  embankment  sections,  as  in  cuts,  consideration  should  be  mule  for 
streamlining  the  area  for  efficient  snow  removal  and  also  for  the  stimulation  of  vej 
tive  growth. 

The  design  should  include  special  treatment  of  the  top  portion  of  the  subgrade     I  his 
also  will  be  dependent  on  the  type  of  material  and  the  swelling  properties.  For  heav) 
clays  a   minimum  depth   of  4   ft  is  usually   required  to  contain   the  soils  as  a   result    ol 
changes  in  moisture  content  and  loss  of  strength  through  swelling.  The  tests  will  indicate 
the  depth  required,  but  a  general  rule,  lacking  experience  with  the  material,  i-  that   sul 
ficient    cover   consisting  of   non-swelling   material   should   be   placed   over   these  days   to 
reduce   the  swelling  to  less   than  4   percent  as  determined   by    laboratory    tests.    The   less 
clay  involved  in  the  material  of  grading,  the  less  cover  that   is  required.  With  granular 
materials  no  special  treatment  is  required  for  the  top  area.  If  necessary,  the  cover  pro 
tection  can  be  provided  by   material  meeting  sub-ballast   specifications   provided   it    con 
tains     enough     material     passing     Xo.     200    sieve     to     insure    compaction     and     relative 
impermeability. 

On  grading  jobs  of  any  magnitude  the  results  of  the  preliminary  investigations  will 
disclose  different  types  of  soil,  and  it  is  often  possible  to  earmark  certain  material  on 
the  plans  for  use  as  selected  material  in  the  top  portion  of  the  grade.  It  this  j-  possible 
little  or  no  cost  is  added  to  the  normal  construction 

CONSTKl  CTTON 
General 

During  construction  a  number  of  considerations  deserve  close    ittention    The  mosl 

important  is  the  preservation  oi  food  drainage  during  the  earth  woik  It  this  can  I" 
accomplished  drying  will  occur  more  quickly  after  rain)    periods  and  general  i  "ii-i  ■ 

will  be  facilitated,  reducing  costs.  Either  by  contract  or  with  compan)   forces,  cul 

be   handled    readily    with    modern    equipment    so    that    they    will    drain     The    same    is    not 

strictly  true  oi  low-lying  borrow  pits,  bul  planned  removal  of  the  earth  material  i 
of  value  in  reducinu  the  effects  oi  precipitation 

Where   possible  and  available  the   top  soil   should   be   stripped   and 
later  use  on  the  slopes.  This  is  relative!)    easy   with   modern  equipment,  but   n 
course,  add  somewhat  to  the  project  costs  because  of  the  double  handUn 
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Cessation  of  construction  work  when  the  soil  material  is  too  wet  to  roll  is  always 
advisable.  The  final  results  will  be  more  satisfactory  and  the  increased  cost  can  easily 
be  overcome  by  reduction  in  maintenance. 

Fills 

Layer  construction  is  now  good  practice,  avoiding  end  dumping  to  the  fullest  extent 
possible.  Layers  should  be  placed  so  that  after  rolling  the  compacted  depth  will  not  be 
over  6  to  8  in.  With  modern  equipment  it  is  sometimes  possible  to  route  the  travel  so 
that  full  compaction  is  accomplished  with  reduced  rolling,  but  provision  for  compaction 
rolling  is  necessary.  This  is  a  function  of  each  individual  project.  Compaction  should  be 
required  in  the  body  of  all  embankments  to  a  minimum  of  90  percent  of  the  standard 
determined  by  the  Procter  compaction  tests.  Moisture  contents  can  vary  as  required  to 
produce  the  required  density.  Density  is  a  reflection  of  soil  strength,  and  any  change  in 
moisture  content  producing  a  decrease  in  density  also  reduces  strength.  Some  swelling 
clays,  if  compacted  over  the  optimum  and  maintained  at  that  moisture  content,  will 
show  appreciably  less  swell,  but  to  accomplish  this  in  the  slopes  will  require  blanketing 
with  other  material  as  well  as  on  the  top  of  grade.  As  mentioned  previously,  soil  with  a 
liquid  limit  of  65  or  more  should  be  fully  analyzed  and  extra  care  taken  in  construction 
if  such  material  must  be  used.  Preliminary  tests  should  fix  the  approximate  variations 
in  moisture  content  permissible. 

For  fills  to  be  placed  on  sloping  foundations  the  vegetation  should  be  removed.  On 
slopes  steeper  than  S  to  1  the  surface  should  be  benched  to  reduce  the  overall  slope  to 
that  figure. 

For  fills  over  compressible  foundations  where  full  subsidence  is  desired,  a  surcharge 
should  be  placed  during  construction  which  later  can  be  bladed  over  the  slopes.  This 
can  eliminate  future  consolidation  of  the  fill  foundation.  This  problem  can  be  analyzed 
with  adequate  exploration. 

For  the  top  portion  of  embankments  and  in  cuts  the  soils  should  also  be  placed 
in  approximately  6-in  compacted  layers  to  95  percent  of  the  standard  optimum.  Selected 
soil  in  general  should  be  placed  over  the  full  width  of  the  grade,  but  may  be  trenched 
if  drainage  relief  is  given.  A  crown  about  *4  in  Per  ft  should  be  constructed. 

Selected  Soil  and  Sub-Ballast 

In  placing  granular  soil  or  sub-ballast,  precautions  must  be  taken  not  to  rut  the 
subgrade.  A  depression  in  the  subgrade  may  be  the  origin  of  a  water  pocket  after  opera- 
tions begin.  This  material  should  be  hauled  in  by  trucks  or  other  earth-moving  equip- 
ment rather  than  by  rail  after  fabrication  of  the  track  on  raw  subgrade.  Such  procedure 
will  provide  an  excellent  base  to  place  ties  and  rail  for  the  handling  of  the  top  ballast. 

RECOMMENDED  GENERAL  PRACTICE 
Roadway  Section 

With  all  available  data  accumulated  from  preliminary  investigations  of  topography, 
drainage,  geological  and  soils  surveys,  together  with  traffic  requirements,  the  horizontal 
and  vertical  alinements  can  be  established  and  slopes  determined.  To  support  these  con- 
ditions a  roadway  section  must  be  established  and  agreed  upon  with  minimum  width 
and  economical  slopes. 
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Width  of   Roadway 

By  referring  to  the  recommended  ballast  sections  in  Part  2.  this  Chapter,  a  minimum 
crown  can  be  chosen  on  which  to  support  the  track  and  ballast  section  where  sub- 
ballast  is  or  is  not  used. 

Sub-ballast 

Properly  graded  sub-ballast  with  minimum  thickness  of  6  in,  or  greater  where  con- 
ditions warrant,  should  be  placed  on  all  new  subgrade.  This  should  be  placed  and  com- 
pacted prior  to  distribution  of  cross  ties  in  accordance  with  Specifications  for  Sub-ballast, 
Part  2,  this  Chapter. 

Ditch  Section 

Ordinarily  the  purpose  or  function  of  the  ditch  section  between  roadway  subgrade 
and  back  slope  of  cut  is  to  collect  and  carry  away  drainage  from  the  ballast  section  and 
subgrade,  together  with  the  water  that  falls  on  the  back  slope.  Such  a  ditch  should  have 
a  2-ft  bottom  1  ft  below  subgrade  with  side  slopes  of  \l/>  to  1.  However,  eroded  ma- 
terial from  the  back  slope  rolls  down  into  and  fills  up  such  a  ditch,  thus  eliminating  its 
primary  function.  Therefore,  it  is  economical  to  design  this  ditch  with  sufficient  width 
and  depth  to  operate  off-track  ditch-cleaning  equipment  to  clean  out  the  sloughed  mate- 
rial as  well  as  providing  additional  side  or  bank  clearance  for  more  efficient  operation 
of  mechanized  tie  and  surfacing  equipment.  The  additional  width  also  will  reduce  depth 
of  snow  drifts  and  provide  space  in  which  to  deposit  snow  or  drifted  sand  from  the 
track. 

Drainage  Structures 

Drainage  structures  should  be  designed  and  installed  according  to  recommendations 
in  Part  3,  this  Chapter. 

Conclusion 

By  following  the  soils  mechanics  recommendations  and  with  up-to-date  practices 
and  procedures  for  design  and  construction,  a  good,  practical  and  stable  roadway  can 
be  had  on  which  to  build  the  track  structure  in  which  future  maintenance  will  be  at  a 
minimum. 
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Report  on  Assignment  6  (a) 
Roadbed  Stabilization 

Abstract*  of  Report  on  Slope  Failure  of  Railroad  Cuts 
in  Stiff  Clay,  Southwestern  Iowa 

By  J.  D.  Scott1  and  D.  U.  Deere- 

A  critical  study  was  made  of  three  slope  failures  which  occurred  in  cuts  constructed 
by  the  Chicago,  Rock  Island  and  Pacific  Railroad  in  southwestern  Iowa  between  October 
1951  and  September  1953.  The  cuts,  approximately  50  ft  deep,  were  made  through  30 
ft  of  loess  underlain  by  stiff,  fissured  clayey  materials.  Although  the  clayey  soils  ap- 
peared to  possess  a  high  shear  strength,  the  surfaces  of  sliding  of  the  slope  failures 
occurred  in  these  materials. 

The  three  slope  failures  were  intensively  studied  to  locate  their  surfaces  of  sliding, 
find  what  soil  materials  were  present,  obtain  disturbed  and  undisturbed  samples,  and 
discover  the  ground  water  conditions.  Test  borings  were  put  down  by  hand  and  power 
auger  through  the  slide  material  into  the  undisturbed  material  beneath  to  determine  the 
soil  profile,  take  disturbed  samples  and  provide  a  location  for  the  installation  of 
piezometers  in  different  layers.  Deep  test  holes  were  made  above  two  cuts  with  a  truck- 
mounted  auger  to  obtain  undisturbed  Shelby  tube  samples. 

Identification  tests  and  shear  strength  tests  were  performed  on  the  soils  encoun- 
tered. Atterberg  limits,  field  moisture  contents,  grain  size  analyses,  specific  gravity,  and 
X-ray  diffraction  tests  were  made  on  disturbed  samples.  Unit  weight,  consolidation  tests, 
consolidated-undrained  triaxial  and  direct  shear  tests,  and  consolidated-drained  triaxial 
and  direct  shear  tests  were  made  on  undisturbed  samples. 

The  slide  analyses  were  made  using  both  total  stress  parameters  and  effective  stress 
parameters.  The  laboratory  shear  strengths  were  compared  to  the  field  shear  strengths 
taking  the  factor  of  safety  in  the  field  at  the  time  of  failure  as  one.  Factors  of  safety 
were  also  calculated  assuming  that  the  apparent  effective  cohesion  decreased  with  time 
to  zero. 

The  studies  indicate  that  if  the  undrained  shear  strengths  were  used,  the  factors  of 
safety  obtained  would  be  entirely  too  high.  Hence,  it  is  in  error  on  the  unsafe  side  to 
use  the  results  of  unconfined  compression  tests  for  computing  the  factor  of  safety  of 
slopes  in  stiff  clays. 

The  effective  stress  analysis  using  the  drained  shear  strength  parameters,  on  the 
other  hand,  yields  factors  of  safety  close  to  the  theoretical  value  of  unity  but  ranging 
from  33  percent  too  low  to  37  percent  too  high.  This  range  in  error  is  an  indication  not 
only  of  the  importance  of  correctly  assessing  the  position  of  the  ground  water  level  but 
also  of  the  magnitude  (the  test  value  of  zero)  of  the  apparent  cohesion  c'  used  in  the 
analysis.  Notwithstanding,  it  would  appear  that  slopes  in  stiff  clay  designed  with  a 
factor  of  safety  of  1.5,  using  effective  stresses  and  drained  shear  strength  parameters, 
including  the  full  value  of  the  apparent  cohesion,  and  with  a  judicious  estimate  of  the 
highest  probable  position  of  the  ground  water,  would  give  a  reasonable  assurance  of 
long-term  stability  and  would  represent  an  economical  design.  A  further  requirement 
might  call  for  a  minimum  factor  of  safety  of  1.3  assuming  an  apparent  cohesion 
of  zero. 


1  Assistant  professor,  Department  of  Civil  Engineering,  University  of  Waterloo,  Ontario  (formerly 
research  assistant,  University  of  Illinois). 

a  Professor   of   civil    engineering   and    of   geology,    University   of   Illinois. 

*  Copies  of  the  complete  report  may  be  obtained  from  the  director  of  engineering  research  Asso- 
ciation   of   American    Railroads,    3140   S.    Federal    St.,    Chicago    16. 
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Report  on  Assignment   10 

Ballast 

(a)   Tests 

(c)   Special   Types   of   Ballast 

R.  H.  Beeder  (chairman,  subcommittee),  E.  W.  Bauman,  J.  G.  Campbell,  T.  T.  Con- 
nelly, J.  P.  Datesman,  J.  E.  Gray,  L.  V.  Johnson,  E.  W.  McCuskev,  R.  L.  Mc- 
Daniel,  W.  G.  Murphy,  Stanton  Walker,  C.  E.  Webb,  E.  L.  Woods. 

Under  Assignment  10  (c) — Special  Types  of  Ballast,  your  committee  presents  an 
abstract  of  a  report*  presenting  data  on  the  asphalt  treatments  of  ballast  on  nine  test 
sections  of  track  and  one  bridge  deck  made  in  1959  (Proceedings,  Vol.  61,  page  715). 
It  also  describes  similar  ballast  treatments  and  bridge  deck  treatments  made  in  1960. 

The  report  was  prepared  for  the  committee  by  Rockwell  Smith,  research  engineer 
roadway,  AAR. 

Asphalt  Treatments  of  Ballast  and  Bridge  Decks 

These  treatments  are  the  result  of  the  joint  research  project,  sponsored  by  the 
committee,  of  the  Asphalt  Institute  and  the  Resarch  Department  of  the  AAR.  Special 
equipment  for  the  process  has  been  developed  and  used,  the  description  of  which  appears 
in  the  Proceedings,  Vol.  60,  1959,  page  712.  The  applications  were  made  possible  by  the 
excellent  cooperation  of  the  participating  railroads  which  bore  the  cost  of  the  materials 
and  application  with  such  technical  assistance  as  required  from  the  staff  of  the  Asphalt 
Institute  and  the  AAR.  For  the  Institute  the  work  has  been  under  the  direction  of 
John  M.  Griffith,  engineer  of  research,  and  R.  W.  Gamble,  engineering  consultant.  For 
the  AAR,  G.  M.  Magee,  director  of  engineering  research,  has  given  general  supervision, 
with  Rockwell  Smith  in  direct  charge. 

The  special  equipment  has  been  made  available  upon  request  to  any  railroad  with- 
out charge. 

Results  of  1959  Ballast  Treatments 

The  results  of  these  treatments  after  approximately  18  months  of  service  has  been 
very  encouraging.  One  project  can  be  rated  poor,  one  good  and  the  remainder  very 
good  or  better.  Full  maintenance  data  are  not  reported,  as  it  is  still  too  early  in  the 
expected  life  of  the  treatments  to  draw  direct  comparisons. 

All  the  sections  continued  to  show  very  good  tie  coverage  and  also  good  adherence 
of  the  asphalt  and  cover  coat  to  the  base  of  rail  and  tie  plates.  On  these  first  treatments, 
however,  no  special  provision  was  made  in  the  equipment  to  cover  the  ballast  area 
directly  under  the  rail,  and  this  will  probably  show  as  a  weak  point  in  the  full  life. 
Also,  several  of  the  sections  were  not  shaped  completely  to  drain  laterally  from  tin- 
center  line  to  each  side  with  an  adequate  eye  in  the  cribs  under  the  rail.  The  effe<  I  - 
of  these  items  cannot  yet  be  assessed,  but  can  show  in  future  years. 

Results  of  1959  Bridge  Deck  Treatment 

The  2y2  miles  of  open-deck  bridges  treated  with  hot  asphalt ic  cement  and  fine  bal- 
last cover  coat  on  the  Pittsburgh  &  West  Virginia  have  now  been  in  service  for  one  year 
Coverage  of  the  ties  continues  excellent. 


*  Copies  of  the  complete  r<  port  may  be  obtained  from  the  director  <>f  engineering  research,  Asm 

ciation    Ot    American    Railroads.    .5140    S.    Federal    St.,    Chicago    16. 
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These  treatments  were  applied  in  November  1959  during  weather  too  cold  in  general 
for  hot  asphaltic  applications.  It  was  noted  that  the  asphalt  and  cover  coat  peeled  off 
the  base  of  the  running  rails  and  tie  plates.  Also  the  tie  plates  were  not  firmly  adhered 
to  the  ties.  In  the  summer  of  1°60  there  was  sufficient  softening  of  the  asphalt  to  achieve 
good  tie  plate  adherence,  but  these  conditions  did  not  apply  to  the  stripped  top  of  plates 
and  base  of  rail.  This  is  the  only  result  of  the  treatment  that  is  not  wholly  satisfactory. 

It  appears  that  cold  weather  prior  and  immediately  following  the  treatment  was 
instrumental  in  producing  the  stripping.  Corrosion  and  vibration  under  traffic  in  the 
cold  weather  were  also  very  possibly  instrumental  in  the  effects  observed,  although  the 
ties,  being  more  absorbent,  showed  no  such  action.  Also  the  guard  rails  kept  their  cover 
almost  entirely. 

1960  Bridge  Deck  Treatment 

On  June  22  and  June  27,  1960,  an  additional  12,990  it  of  open-deck  bridges  were 
treated  by  the  Pittsburgh  and  West  Virginia.  The  treatment  over  a  10  ft  width  consisted 
of  1.29  gal  per  sq  yd  of  60-70  penetration  asphalt  cement,  applied  at  approximately 
370  F,  followed  by  an  average  cover  coat  of  34.6  lb  per  sq  yd  of  slag  screenings.  These 
quantities  were  computed  over  a  total  length  without  allowance  for  the  openings  be- 
tween ties.  The  treatment  was  made  with  one  pass  of  the  equipment  running  about 
2  mph.  During  actual  application  work,  the  procedure  was  highly  efficient.  Many  of 
the  bridges  were  short  and  the  work  train  was  able  to  run  at  normal  speeds  between 
these,  so  it  was  not  necessary,  in  general,  to  stop  the  train  to  start  operation  of  the 
asphalt  spray  and  the  ballast  coat  equipment.  Temperatures  were  between  68  and  85  F. 

Following  experience  from  the  1959  treatments  showing  considerable  stripping  at 
the  tie  plates  and  base  of  rail,  short  test  sections  were  placed  by  hand  methods  prior 
to  applications  of  various  materials  in  an  effort  to  indicate  corrective  measures  to  use 
to  prevent  such  stripping.  Included  in  the  treatments  were  kerosene,  cut  back  asphalts, 
emulsions  and  a  combination  of  materials.  From  these  small  scale  tests  it  was  concluded 
that  a  light  application  of  kerosene  immediately  prior  to  the  hot  asphalt  was  the  most 
effective.  During  actual  treatment  of  the  bridge  decks  a  device  was  added  to  the  spray 
car  to  supply  kerosene  to  the  base  of  rail  and  tie  plates  immediately  ahead  of  the  asphalt 
spray  bars.  A  total  of  550  gal  of  kerosene  were  used  for  this  purpose. 

After  five  months  in  service,  the  treatments  have  been  reported  as  excellent.  There 
has  been  no  stripping  of  either  the  base  of  rail  or  the  tie  plates  and  there  has  been 
excellent  adherence  of  the  tie  plates  to  the  tie  through  the  coat  of  heavy  asphalt.  It  has 
not  been  fully  established  if  these  better  results  for  the  1960  treatments  was  a  result 
of  the  use  of  the  kerosene  or  followed  because  of  continued  warmer  weather. 

As  of  possible  interest,  one  bridge  deck  had  been  newly  replaced  with  full  creosoted 
ties  two  or  three  months  prior  to  the  asphalt  application.  These  timbers  were  still  exud- 
ing creosote.  The  treatment  on  this  bridge  deck  has  shown  no  results  different  from 
other  bridge  decks  and  so  far,  at  least,  there  is  no  indication  of  incompatibility  between 
the  creosote  and  the  hot  asphalt. 

Comments  on   1960  Ballast  Treatments 

The  1960  ballast  treatments  covered  a  wide  range  of  conditions.  They  will  be  valu- 
able in  determining  the  effects  of  climate  and  track  characteristics  on  such  treatments. 
Work  this  year  further  demonstrated  that  good  coverage  can  be  obtained  which  should 
serve  very   effectively   toward   tie   preservation   and  protection   of   track   fittings  against 
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corrosion.  With  the  use  of  extended  spray  nozzles  directed  under  the  rail,  lull  coverage 
and  a  good  seal  of  the  full  ballast  section  were  obtained  in  most  cases,  particularly 
where  there  was  an  opening  under  the  rail  in  the  cribs. 

The  equipment  in  transfer  movements  from  project  to  project  indicated  several 
deficiencies  in  security  fastenings  and  appreciable  damage  occurred.  This  damage  at 
times  interfered  with  full  production  on  the  treatments,  reducing  efficiency  and  raising 
costs  to  some  extent.  Careful  note  has  been  made  of  all  sub-standard  conditions  and 
plans  have  been  made  for  their  correction,  including  a  number  of  betterments.  If  pro- 
grams during  1061  indicate  the  need  for  the  cars  these  changes  will  be  made  prior  to 
the  season,  and  the  cars  will  be  available  without  charge  to  the  roads  on  request  to 
the   Research   Department,  AAR. 


Report  on  Assignment   11 

Chemical  Control  of  Vegetation 

Collaborating   with   Signal   Section   and   Communications   Section,   AAR 

C.  E.  Webb  (chairman,  subcommittee),  C.  R.  Bergman,  T.  T.  Connellv,  J.  W.  DeMoyer, 
R.  J.  Kemper,  P.  G.  Martin,  S.  J.  Owens,  A.  J.  Pacelli,  W.  F.  Petteys,  W  0 
Trieschman. 

This  report  is  the  result  of  the  cooperative  research  project  sponsored  by  tin   com 
mittee   between   Virginia   Polytechnic   Institute  and   the   Research   Department,  AAR.   It 
covers  brush  control  only. 

Dr.  W.  E.  Chappell  is  in  charge  for  VPI  and  prepared  the  report.  For  the  Research 
Department,  the  work  comes  under  the  jurisdiction  of  G.  M.  Maine,  director  of  engi 

neering  research,  and  under  the  supervision  of  Rockwell  Smith,  research  engineer  roadwa) 

The  AAR  staff  has  been  handicapped  all  through  1°60  by  staff  reductions,  and  no 
report  on  their  activities  concerning  this  assignment  is  possible.  Certain  data,  however, 
have  been  obtained  in  connection  with  experimental  brush  control  work  on  several  rail 
roads,  and  it  is  probable  that  a  report  will  be  possible  in  1962,  It  i-  to  be  regretted  thai 
additional  budget  curtailment  has  forced  the  cancellation  of  1061  continuation  of  the 
research  project  at  VPI. 
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Current  Research  on  Right-of-way  Brush  Control  Problems 

W.  E.  Chappell 

Professor    of    Plant    Physiology,    Virginia    Polytechnic    Institute,    Blacksburg,    Va. 

Several  experiments  were  conducted  in  1959-60  in  an  effort  to  control  brush  more 
effectively  and  to  adopt  their  findings  for  practical  usage  by  railroads.  Earlier  experi- 
ments had  shown  that  the  Dormant  Cane  Broadcast1  method  was  an  effective  tool  for 
brush  control  and  one  experiment  using  this  technique  with  on-track  equipment  was 
carried  out.  The  results  of  this  and  three  other  experiments  using  off-track  equipment 
are  reported  herein.  Some  treatments  were  applied  on  roadbeds  in  1960,  and  the  results 
of  these  are  also  included. 

Brush   Control   Experiments,    1959-1960 

Experiment  1 — Dormant  treatments  applied  with  on-track  equipment. 

Date  applied — 3/22/60 

Equipment  used — Bean  pump  3  gal/min  mounted  on  push  car  that  was  pulled  by 
a  motor  car. 

Nozzle — Bean  Spraymiser  with  No.  6  disk. 
Operating  pressure — 100  psi. 

Application    technique — Cane    broadcast.    Entire    stems    were    covered    using    about 
ISO  gal  of  spray  mixture  per  acre. 
Carrier — No.  2  fuel  oil. 

%  Kill  to 
Treatment  and  Rates  Ground  Level        %  Resprouts 

1.  2,4,5-T  Amine,  oil  soluble.  6  lb/100  gal   100  25* 

2.  Benzoac  94A,  6  lb/100  gal   100  15* 

3.  236  TCB  Amine,  6  lb/100  gal  100  10* 

4.  2,4-D— 2,4,5-T  butoxyethanol  ester,  6  lb/100  gal  100  10* 

5.  Trinoxol,  6  lb/100  gal   100  15* 

*  Resprouting   species   were   black   locust,    sumac   and   sassafras. 

Other  species  present  and  killed  were  red  oak,  red  maple,  pine,  dogwood,  black  gum, 
cherry  and  yellow  poplar. 

In  this  experiment  all  treatments  appeared  equally  effective  in  killing  all  stems  to 
the  ground  level.  None  of  the  treatments  prevented  sprouting  in  sassafras,  sumac  and 
black  locust.  There  was  little  or  no  resprouting  in  other  species,  however. 

Experiment  2 — Dormant  treatments  applied  on  right-of-way  with  off-track  equip- 
ment. 

Date  applied— 12/11/59 

Equipment  used — Bean  7*/  gal/min  pump  equipped  with  Bean  Spraymiser  gun 
and  No.  6  disk. 

Operating  pressure — 150  psi. 

Application  technique — Cane  Broadcast  and  Soil  (CBS).  Entire  stems  were  wet 
and  soil  sprayed  around  sumac,  locust,  and  sassafras.  Broadcast  Basal  and  Soil  (BBS). 
Lower  one-third  of  stems  wet  and  soil  sprayed  around  stems  of  sassafras,  locust  and 
sumac. 

1  Developed  at  Virginia  Polytechnic  Institute. 
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Stem  Counts  8/22/60 

Treatments                                                                        c/c  Live  Stems  %  Resprouts 

1.  Technical  ethvl  hexvl  ester  of  2,4,5-T  BBS  IS 

2.  Technical  ethvl  hexyl  ester  of  2,4,5-T  CBS  0  28 

3.  Technical   ethvl  hexvl  ester  of  D&T  BBS  5  2Q 

4.  Technical  ethvl  hexvl  ester  of  D&T  CBS  1  36 

5.  ACP   M-23   A    (T-invert)  BBS  7  45 

6.  ACP   M-23   A    (T-invert)  CBS  2  46 

7.  Urox  liquid   1   gal/100  BBS  21  67 

In  Experiment  2  all  treatments  except  the  liquid  Urab  were  fairly  effective  in  kill- 
ing all  stems  to  the  ground  level.  As  in  Experiment  1  the  resprouting  occurred  mainly  in 
the  root  suckering  species  such  as  black  locust,  sumac  and  sassafras.  Most  all  the  oaks, 
maple,  cherry,  poplar,  hickory  and  pine  were  apparently  killed  by  all  treatments. 

Experiment  3 — Summer  foliage  treatments  for  the  control  of  root  suckering  species 
applied  with  off-track  equipment. 

Date  applied — July  1959 

Equipment  used — Bean  7.5  gal/min  pump  with  Spray  miser  gun  using  a  Xo.  6  disk. 

Operating  pressure — 300  psi. 

Application  technique — Overall  stem  foliage. 

Carrier — Water. 

Stem  Counts  Made  Sept.  1960 
Root  Suckering         Other 
Treatments— July,  1959  Species  Species 

1.  Amine  2,4,5-T  4  lb/100  gal   75%  37% 

2.  Amine  D&T  4  lb/100  gal   74%  43% 

3.  2,3,6-TBA  4  lb  +  ATA   1   lb/100   31%  59% 

4.  2,3,6-TBA  4  lb  +  ATA   2   lb/100    23'%  66% 

The  ATA  (amino  triazole)  plus  2,3,6-TBA  (benzoic  acid)  was  much  more  effective 
on  the  root  suckering  species  than  other  species  while  the  reverse  was  true  with  amine  T 
and  D&T. 

Experiment  4 — Dormant  treatments  for  the  control  of  root  suckering  species  applied 
with  off-track  equipment.  Technical  and  formulated  2  ethyl  hexyl  esters  of  2,4,5-T  and 
2,4-D — 2,4,5-T  were  applied  by  three  methods;  Cane  Broadcast  (CB),  Cane  Broadcast 
and  Soil  (CBS),  and  Basal  Broadcast  and  Soil  (BBS).  All  treatments  contained  6  II)  of 
acid  per  100  gal  of  No.  2  fuel  oil.  The  brush  in  the  area  chosen  for  this  experiment  was 
10-15  ft  in  height,  and  a  large  volume  of  spray  was  needed  to  cover  it  adequately. 

The  applications  were  applied  in  January  and  April  1960. 

The  results  from  Experiment  4  show  that  the  root  suckering  species  are  much  more 
difficult  to  kill  completely  by  the  dormant  treatment  than  are  other  spicks  The  April 
treatments  were  more  effective  than  the  January  treatments.  There  was  no  apparent 
difference  in  the  technical  and  formulated  esters  or  in  straight  T  as  compared  t"  Dfl  I 
The  broadcast  basal  and  soil  treatments  were  more  effective  than  the  other  two  methods 
of  application.  All  treatments  resulted  in  at  least  99  percent  top  kill  of  all  species 
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Roadbed  Experiment 

All  treatments  were  applied  to  50  by  13-ft  plots  using  hand-operated  equipment. 
A.  April  Treatments,  1960 


Chemical  Rate 

Urox     150  lb/A 

Monuron     10  lb/A 

Amizine      15  lb/A 

Check     

*    1  =  No  control. 
10  =  1009;    control. 


Weed 

Control 

Rating* 
11/1/60 

8.0 

9.0 
10.0 

1.0 


B.  June  Treatments 

Weed 
Control 
Rating* 
Chemical  Rate  11/1/60 

Hercules   7175    60  (active)  9.7 

Urox  granuler    200  (product)  7.7 

Urox  granuler    300  (product)  8.3 

Urab  granuler    200  (product )  6.7 

Urab  granuler    300  (product)  7.7 

Simazine    10  (active)  9.3 

Amizine    .  .    14  (product )  8.7 

Check     1 

*  1  =  No  control. 
10  =  100%  control. 

In  these  experiments  the  major  species  were  star  thistle,  chicory  and  various  sum- 
mer annuals.  The  Hercules  7175,  Amizine,  simazine,  monuron  and  Urox  were  the  most 
effective  treatment  in  these  experiments.  These  tests  will  be  repeated  in  the  spring  of 
1961. 

SUMMARY 

Dormant  Cane  Broadcast  treatments  or  modifications  thereof  using  2,4,5-T  ester 
at  6  lb  pr  100  gal  of  fuel  oil  usually  result  in  almost  100  percent  top  kill  of  all  species 
Certain  root  suckering  species  such  as  black  locust,  sumac  and  sassafras  tend  to  resproul 
profusely,  and  the  number  of  stems  of  these  species  now  even  increase  during  the  first 
growing  season  after  spraying.  If  these  species  predominate,  a  mixture  of  amino  triazole 
and  236  TCB  appears  to  be  the  best  mixture.  This  mixture  is  most  effective  when  applied 
as  a  summer  treatment,  however.  In  areas  where  crop  injury  is  a  problem,  amino  triazole 
alone  should  be  used  on  these  species,  -ince  the  2,3,6-TBA  would  cause  damage  similar 
to  that  of  2,4-D. 

Based  <  n  these  and  many  other  experiments  since  1956,  the  dormant  applications 
are  usually  equal  or  better  than  foliage  application  of  T  or   D&T.  From  a  crop  damage 
standpoint    the    dormant    treatments   are   an    obvious   advantage.    In    treating    oal  • 
maple,  pine  and  many  other  species  the  dormant  treatments  are  usually  more  effective 

than    foliage  treatments. 
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Committee 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Fabrication. 

Progress  report  on  fabrication  of  continuous  welded  rail,  looking  to  devel- 
opment of  specifications  at  a  later  date  page  716 

Appendix   la — Service  failures  of  oxyacetylene  and  electric  flash  welds   ....   page  71 S 

2.  Laying. 

Progress  report  presented  as  information    page  725 

3.  Fastenings. 

Report   on  specification   for   number  and  position   of   rail  anchors  on   con- 
tinuous welded  rail,  submitted  for  adoption  and  publication  in  the  Manual  .   page  727 

4.  Maintenance. 

The  committee  is  collecting  information  on  maintenance  standards  and  will 
present  recommendations  in  its  next  report. 

5.  Economics. 

Progress  report,   presented  as   information    pagi 

'>.  Welding  second-hand  rail. 

Progress  report,  presented  as  information   page  731 

Tm    Smni    ('<>\!\!!Mii   on  Continuous  Welded  Rail, 

F.  I.    Ri  i  s,  (  hairtnan 
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Report  on  Assignment   1 

Fabrication 

A.  H.  Galbraith  (chairman,  subcommittee),  S.  H.  Barlow,  C.  N.  Billings,  J.  D.  Case, 
L.  S.  Crane,  W.  E.  Gardner,  W.  J.  Jones,  A.  S.  McRae,  C.  E.  Morgan,  Wm.  Nuetzel, 
F.  L.  Rees. 

Basic  Considerations  in  Fabrication  of  Continuous  Welded  Rail 

The  following  practice  is  presented  as  information,  looking  to  its  serving  as  a  basis 
for  the  development  of  specifications  for  the  fabrication  of  continuous  welded  rail. 

The  first  requirement  of  specifications  for  fabricating  welded  rail  is  that  the  fabri- 
cator should  understand  that  all  welds  should  provide  rail  alinement  as  near  to  per- 
fection as  it  is  possible  to  achieve.  All  rail  ends  should  be  straightedge  alined  before 
welding;  then,  after  welding,  a  certain  minor  percentage  of  welds  could  be  accepted 
which  did  not  stay  in  perfect  alinement  during  the  welding  process.  This  certain  minor 
percentage  of  misalinements  should  be  accepted  on  the  basis  that  they  are  caused  by 
the  inability  of  the  welding  machine  to  consistently  maintain  perfect  alinement  and 
that  these  misalinements  are  within  the  range  of  easy  in-track  correction  or  are  of  such 
small  magnitude   that   the  riding  qualities  of  the  track  will  not  be  adversely  affected. 

Trying  to  fabricate  perfectly  alined  welded  rail  from  imperfectly  rolled  rails  vary- 
ing in  size,  symmetry,  alinement  and  degree  of  helical  twist  is  impossible  from  both 
physical  and  economic  considerations;  therefore,  it  is  proposed  that  10  percent  of  all 
welds  within  the  maximum  misalinement  ranges  given  in  each  of  the  following  misaline- 
ment  catagories  be  accepted  because  of  the  accompanying  reasons: 

Surface  Offset — 0.016  to  0.030  in 

Reasons:  This  is  approximately  two-thirds  the  maximum  possible  difference  obtain- 
able between  two  rails  occasioned  by  height  tolerance  allowed  rolling  mills. 

This  amount  can  be  blended  easily  into  a  satisfactory  rolling  surface  by  two  passes 
of  a  rail  grinding  train  at  a  cost  less  than  would  be  incurred  in  most  circumstances  by 
rejection  of  all  welds  not  meeting  a  tolerance  of  0.01  S  in  maximum  surface  offset. 

Gage-Edge  Offset— 0.031  to  0.060  in 

Reasons:  This  is  approximately  one-half  the  possible  maximum  difference  obtain- 
able between  two  rails  occasioned  by  width  tolerance  allowed  rolling  mills. 

This  amount  of  offset  will  appear  to  the  eye  quite  objectionable  the  first  year  in 
track,  but  thereafter  it  is  difficult  to  locate  without  a  straightedge.  Close  surveillance 
of  such  off-set  welds  in  track  by  experienced  personnel  has  made  many  of  them  conclude 
that  an  offset  of  0.060  in  is  a  quite  reasonable  limit  which  may  be  blended  at  the  weld- 
ing plant  or  will  be  wheel-blended  in  track. 

Crowned  Camber  or  Positive  Vertical  Kink — 0.060  in/ ft  tangential  deviation  at  approxi- 
mately 600  F  or  0.030  in/ft  at  ambient   temperature 

Reasons:  A  crowned  vertical  kink  at  600  F  will  lower  approximately  0.030  in/ft  as 
the  temperature  drops  to  the  ambient.  Any  crown  kink  left  in  the  weld  after  cooling 
when  the  above  specifications  are  adhered  to  may  be  corrected  easily  by  oxyacetylene 
heating  if  such  crown  is  considered  to  affect  riding  qualities  adversely.  Vertical  kink  is 
practically  impossible  to  control  consistently  because  of  variation  in  surface  alinement 
(upsweep)    allowed   the   rolling   mills. 
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Dipped  Camber  or  Negative  Vertical  Kink — 0.000  in/ft  tangential  deviation  at  approxi- 
mately 600  F 

Reasons:  Any  negative  vertical  kink  at  600  F  will  result  in  a  greater  kink  al  am- 
bient temperature.  Any  dip  camber  resulting  from  a  flat  weld  (0.000  in/ft)  at  600  F 
can  be  straightened  easily  by  oxyacetylene  heating  if  this  dip  is  considered  to  affect 
riding  qualities  adversely. 

Horizontal  Camber  or  Kink — 0.030  in/ft  tangential  deviation 

Reasons:  This  amount  of  kink  can  be  corrected  in  track  easily  by  oxyacetylene 
heating  if  lining-out  efforts  are  considered  insufficient  to  produce  the  desired  riding 
qualities. 

When  horizontal  kinks  are  being  considered  for  rejection,  the  rail  ends  should  be 
inspected  for  possible  end-bent  rails  being  a  factor  in  the  kinking. 

The  remaining  90  percent  of  welds  in  each  misalinement  catagory  should  meet  one- 
half  the  maximum  tolerance  or  less  and  have  a  maximum  surface  offset  of  0.015  in; 
maximum  gage-edge  offset  of  0.030  in;  positive  vertical  camber  range  at  approximately 
600  F  of  0.016  in/ft  to  0.045  in/ft  tangential  deviation. 

For  example,  each  100  welds  should  have: 

Maximum  of  10  welds  with  0.016  to  0.030  in  surface  offset. 
Minimum  of  90  welds  with  0.000  to  0.015  in  surface  offset. 

Maximum  of  10  welds  with  0.031   to  0.060  in  gage-edge  offset. 
Minimum  of  00  welds  with  0.000  to  0.030  in  gage-edge  offset. 

Maximum  of  10  welds  with  range  0.000  in/ft  to  0.015  in/ft,  and  0.046  in/ft  to 
0.060  in/ft  tangential  deviation  of  positive  vertical  camber  at  approximately 
600  F. 

Minimum  of  90  welds  with  range  of  0.016  in/ft  to  0.045  in/ft  tangential  devia- 
tion of  positive  vertical  camber  at  approximately  600  F. 

Maximum   of    10   welds   with   0.016   in/ft   to   0.030  in/ft   tangential   deviation    of 

horizontal  kink. 
Minimum    of    °0   welds    with    0.000   in/ft    to    0.015    in/ft    tangential   deviation    of 

horizontal  kink. 

Both  these  vertical  and  horizontal  kink  specifications  will  be  very  difficult  to  meet, 
and  straightness  of  rail  should  be  a  factor  in  determining  rigidity  of  such  specifications. 

It  is  suggested  that  the  end  product  in  welding  alinement  should  be  considered  in 
the  light  of  precision  of  riding  qualities  desired,  and  the  limitations  of  the  available 
welding  processes,  corrective  tools  and  the  rail  beiniz  welded,  with  due  consideration 
of  tin-  economics  affecting  degree  of  precision  in  rolling  of  rail  and  precision  ol  each 
phase   of   the    welding,    finishing   and   available  corrective   processes. 

The  specifications  for  finishing  <>f  welds  should  first  of  all  provide  for  tolerances 
possible  tu  attain  by  the  fabricator  with  his  particular  finishing  tools  with  deviations 
desired  by  the  customers  which  suit  future  plans  for  finishing.  It  is  suggested  that: 

a.  The  fabricator  be  allowed  a  finishing  deviation  of  plus  or  minus  0.005  in  ol 

the  parent  section  of  railhead  surface.  This  is  the  approximate  thickness  of  mill 
scale  which  will  affect  the  template  available  to  the  finishing  machine.  With 
the  present  finishing  equipment,  it  is  difficult  to  obtain  a  mat  bine  surface  it 
the    welding   plant    and.    therefore,    unreasonable    to    demand    machine    surfaces. 
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In  this  connection,  rail  grinding  trains  produce  near  machine  surfaces  econ- 
omically which  would  allow  customers  to  give  welded  rail  fabricators  much 
needed  consideration  if  these  companies  are  to  continue  a  needed  service  at 
the  lowest  price  possible. 

b.  The  sides  of  the  railhead  be  finished  to  plus  or  minus  0.015  in. 

c.  The  web  zone  (underside  of  head,  web,  top  of  base,  both  fillets)  should  be 
finished  to  within  is«  in  of  parent  contour  or  closer  on  electric-flash  butt  welds, 
always  deep  enough  to  eliminate  all  cracks  but  never  deeper  than  n1-  in  below 
parent  section  if  necessary  to  grind  out  cracks  or  magnetic  particle  test  indica- 
tions of  fault. 

d.  All  notches  created  by  offset  condition  or  twisted  rails  be  eliminated  by 
blending. 

e.  All  corners  created  by  finishing  be  turned  by  polishing  with  grinding  belt  made 
with  No.  30  grit  or  finer,  backed  up  by  rubber  belt  or  a  soft  bond  wheel  of 
No.  30  grit  or  finer. 

Minimum  specifications  for  faulty  weld  inspection  should  require  a  form  of  magnetic 
particle  testing.  Although  evaluation  of  magnetic  particle  indications  is  still  in  the  field 
of  surmise,  all  welds  with  indications  of  fault,  if  not  possible  to  grind  out,  should  be 
rejected,  although  past  experience  through  destructive  testing  reveals  that  not  all  mag- 
netic particle  indications  of  fault  prove  to  be  positive  indications  of  faulty  welds. 

All  rails  used  for  electric-flash  butt  welds  should  have  the  mill  scale  removed  down 
to  bright  metal  in  those  end  zones,  top  and  bottom  of  the  rails,  where  the  welding  cur- 
rent-carrying electrodes  impinge  on  head  and  base  of  rail.  The  weld  and  adjacent  rail 
for  a  distance  beyond  the  electrodes  should  be  rejected  if  in  the  areas  of  electrode  con- 
tact 95  percent  of  the  mill  scale  is  not  removed. 

All  electric-flash  butt  welds  should  have  a  minimum  upset  of  Y%  in. 

If  flashing  on  electric-flash  butt  welds  is  interrupted  because  of  malfunction  or 
external  reason,  with  less  than  l/2  in  of  flashing  distance  remaining  before  upsetting, 
rails  should  be  reclamped  in  machine  and  flashing  initiated  again. 

All  welds  should  have  any  heavy  grinding  completed  (if  such  is  the  finishing  process) 
while  still  hot  whenever  a  welding  production  line  is  interrupted  for  any  reason. 

All  rails  which  are  cut  with  oxyacetylene  flame  preceding  welding  should  be  welded 
within  10  min  after  cutting. 


Appendix  la 

Service   Failures   of   Oxyacetylene   Pressure   Butt   Welded 
and  Flash  Butt  Welded  Rail  Joints 

The  constantly  increasing  track  mileage  of  continuous  welded  rail  has  created  the 
problem  of  service  failures  in  welds  or  weld  areas.  This  report  shows  typical  service 
failures  which  have  occurred  in  both  oxyacetylene  pressure  butt  welds  and  in  electric- 
flash  butt  welds,  and  indicates  their  causes.  All  of  these  failures  were  submitted  to  and 
investigated  at  the  AAR  Research  Center.  The  report  was  prepared  by  Kurt  Kannowski, 
metallurgist,  AAR  research  staff,  under  the  direction  of  G.  M.  Magee,  director  of  engi- 
neering research. 
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Fig.  1-A(left  ) — Service  failure  of  an  oxyacetylene  weld  due  to  improper 
cleaning.  Fig.   1-B   (right) — Service  failure  due  to  a  scale  inclusion. 


Fig.  2 — Service  failure  of  an  oxya- 
cetylene weld  due  to  a  pop-out  of  a 
burner  prior  to  the  upsetting  phase. 
The  dark  area  on  the  weld  line  is  the 
nucleus  and  occurred  near  the  burner 
tip  that  popped  out. 


Fig.  3 — Service  failure  of  an  oxy- 
acetylene weld  due  to  partial  fusion 
which  is  caused  by  insufficient  forg- 
ing pressure  which,  in  turn,  is  caused 
by  either  clamp  slippage  or  mis- 
matched weld  surfaces  due  to  faulty 
sawing. 
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Fig    4 Service  failure  of  an  oxyacetylene  weld  due  to  a  pipe  or  a  fish  tail 

which  is  a  steel  defect  that  can  be  found  by  effective  inspection. 


Fig  5— Service  failure  of  an  oxyacetylene  weld  due  to  a  grinding  crack 
which  was  induced  by  a  thermal  deformation  due  to  improper  grinding 
practices. 
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Fig.    6 — Another   service    failure   of   an   oxyacetylene   weld   due 
to  a  grinding  crack. 


Fig.  7 — Service  failures  of  electric 
flash  welds  due  to  electrode  burns 
either  on  the  top  or  on  the  bottom 
of  the  rail.  This  failure  occurs  in  a 
heat-affected  zone  within  the  elec- 
trode contact  area.  The  heat-affected 
zone  is  caused  by  arcing  due  to  im- 
properly cleaned  electrode  contact 
areas. 
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Fig.  8 — Service  failure  of  an  electric  flash  weld  due  to  segregations  in 
"A"  rails   that  opened  into  pipe  during  the  welding  process. 


. 


Fig-  9 — Service  failure  of  an  electric  flash  weld  due  to  pocketing.  This 
occurs  when  the  cross  section  is  flashed  off  unevenly,  which  leaves  a  pocket 
of  highly  oxidized  molten  metal  that  was  not  pushed  out  by  the  upset.  This 
pocket  of  cast  steel  is  very  brittle  and  subject  to  failure. 
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Fig.  10 — Service  fail- 
ure of  an  oxyacetylene 
weld  due  to  partial  fusion 
caused  by  clamp  slippage. 


Fig.  11 — Service  fail- 
ure of  an  oxyacetylene 
weld  due  to  partial  fusion 
caused  by  insufficient  up- 
set in  the  base. 
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Figs.  12  (above)  and  13  (below) — Service  failure  of  an  electric  flash 
weld  due  to  grinding  cracks  caused  by  heavy  grinding  on  a  cold  weld.  Fig. 
13  shows  longitudinal  sections  of  the  failed  weld  area  illustrating  the  heat 
penetration  due  to  grinding  of  cold  upset  metal. 
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Report  on  Assignment  2 
Laying 

E.  J.  Brown  (chairman,  subcommittee),  H.  F.  Gilzow,  R.  A.  Hostetter,  T.  B.  Hutche- 
son,  H.  W.  Jenkins,  A.  C.  Jones,  Jr.,  YV.  J.  Jones,  A.  B.  Lewis,  C.  R.  Merriman. 
B.  M.  Monaghan,  S.  H.  Poore,  F.  L.  Rees,  C.  E.  Weller. 

This  is  a  progress  report,  submitted  as  information. 

The  total  mileage  of  continuous  welded  rail  as  of  the  end  of  1960,  by  years,  is  as 
follows: 

Track  Track 

Year  Miles  Year  Miles 

1933    0.16  1949  53.05 

1934    0.95  1950  50.25 

1935    4.06  1951  J7.2S 

1936    1.52  1952  40.00 

1937    31.23  1953    S0.00 

1939    6.04  1054    87.00 

1942    5.4S  1955    266.50* 

1943    6.29  105b    -161.43* 

1944    12.88  1957    550.12* 

1945    4.81  1958    460.24* 

1946    3.91  1959    1070.57* 

1947    18.70  1960    1260.62* 

1948    20.03  


4522.QO 


*  1955 —   72         miles  were  electric-flash   butt   welded. 

*  1956—  89.10       

*  1957—159.65       

*  1958—312.13       

*  1959—691.92       (This   figure    was   erroneously   printed    as   619.92 

*  1960     961.20  •  •  •  in  last  year's  report.) 

The  total  for  1960  includes  64.12   track  miles  of  yard  tracks  and  00.74  track   milts 
of  second-hand  rail. 


726 


Continuous    Welded    Rail 


Typical   Gang   Used  in  Laying  Continuous  Welded  Rail 

The  gang  organization  and  equipment  used  to  install  welded  rail  vary  on  the  indi- 
vidual roads,  depending  on  their  conditions  and  practices.  Essentially,  the  organizations 
and  equipment  are  the  same  for  installing  welded  as  for  jointed  rail.  Following  is  a 
description  of  a  representative  gang  used  in  laying  continuous  welded  rail: 


Position 


Foreman 

Asst.  foreman 

Timekeeper 

Laborer 


Oprs,  spike  pullers  _ 

Laborers 

Laborer 


Opr,  bolt  machine- 
Welder 

Laborer 

Laborer 


Opr,  crane - 
Laborer.  _ 
Laborers - 

Laborer. 


Oprs,  cribber 
Laborers. . 
Laborers  .. 


( )prs,  adzer 

Opr,  tie  crposoter 
Laborers 


Laborers. 


Oprs,  gaging  machine. 
Laborer 


Opr,  crane  _ 
Laborers. 


( )pr,  bolt  machine 
Laborers 


Oprs,  spike  drivers 

Opr,  air  compressor 

Opr,  rail  anchor  drivers . 

Laborers 

Laborer 

Laborer 


Truck  driver 


Total 
Men 


1 

1 

60 


Work  Performed 


Supervision 

Assist  in  supervision 

Keep  time,  check  material,  etc. 

Remove  rail  anchors 

Remove  spikes 

Help  pull  spikes 

Pull  spikes  left  by  machines 

Remove  nuts 

Cut  bolts  left  by  bolt  machine 

Help  welder 

Removing  old  angle  bars 

Setting  out  old  rail 
Hooking  tongs,  etc. 
Removing  old  tieplates,  spikes, 

etc. 
Drive  down  broken  spikes 

Clean  cribs 

Help  cribbers 

Setting  and  driving  tie  plugs 

Adzing  ties 

Creosotes  ties 

Help  on  creosote  machine 

Distributing  tie  plates,  placing 
tie  plates,  pushing  tie  plate 
setter 

Boring  holes,  driving  gage  plugs 
Helping  gager 

Setting  rail  in  place  using 

threader 
Working  threader  and  cleaning 

rail 

Tightens  bolts  in  new  bars, 
insulated  joints  and  misc. 
Setting  spikes 

Drive  spikes 

Air  for  spike  drivers 

Place  rail  anchors 

Setting  anchors  for  machines 

Water  boy 

Campman 

Haul  men  and  material 


Equipmt  nt 


2  spike  pullers 


1  bolt  machine 


2  ballast  cribbers 

2  tie  adzers 
1  tie  creosoter 

1  tie  plate  setter 
1  gaging  machine 


1  bolt  machine 


2  spike  drivers 

1  air  compressor 

2  rail  anchor  machines 


Most  roads  report  that  insulated  joints  are  cut  into  the  welded  rail  in  the  field, 
with  no  buffer  rails  provided,  the  reasoning  being  that  if  and  when  a  buffer  rail  is 
needed,  it  can  always  be  cut  in  at  that  time.  However,  one  road  reports  using  a  buffer 
rail  between  strings,  as  well  as  on  both  sides  of  insulated  joints. 

Some  roads  are  also  providing  a  buffer  rail  on  each  rail  ahead  of  stock  rails  and 
behind  frogs;  others  are  laying  welded  rail  through  the  stright  sides  of  switches,  cutting 
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in  a  buffer  rail  in  back  of  the  frog  and  then  starting  the  welded  rail  at  the  end  of  the 
stock  rail. 

No  closure  welding  is  being  done  on  any  of  the  roads  reporting. 

Laying  of  welded  rail  on  drawbridges  has  not  been  done  by  any  of  the  roads  report- 
ing. One  road  reports  that  it  definitely  will  not  lay  any  welded  rail  on  the  lift  portion; 
another  that  when  necessary  to  do  so,  78-ft  rail  will  be  used. 


Report  on  Assignment  3 
Fastenings 

I).  T.  Faries  (chairman,  subcommittee),  J.  E.  Campbell,  W.  E.  Cornell,  A.  G.  Ellefson, 
R.  G.  Garland,  B.  J.  Gordon,  W.  F.  Hanna,  W.  J.  Jones,  A.  J.  Kczak.  Wolters 
Ledyard,  F.  L.  Rees,  C.  W.  Wagner. 

This  is  a  final  report  on  the  assignment  covering  recommended  anchorage  pattern 
for  continuous  welded  rail.  Your  committee  believes  that  sufficient  information  has  been 
developed  so  that  definite  recommendations  can  be  submitted. 

In  1°53  this  committee  submitted  an  anchorage  pattern  based  on  information  and 
tests  available  at  that  time  (AREA  Proceedings,  Vol.  54,  page  1168).  This  pattern  was 
based  on  a  value  of  1°5  psi  stress  change  per  degree  temperature  change,  an  assumed 
variation  of  70  F  above  and  below  normal  laying  temperatures  and  a  resistance  of 
800  lb  per  tie.  The  recommended  anchorage  for  normal  two-direction  traffic  on  track 
laid  with  132-lb  rail  ccnsisted  of  6  rail  lengths  (234  ft)  fully  box-anchored  at  each  end 
of  the  welded  string  and  every  alternate  tie  box-anchored  throughout  the  remainder  of 
the  continuous  rail  length.  From  1953  to  date,  well  over  2,000  track  miles  of  continuous 
welded  rail  have  been  laid  on  various  railroads  in  the  United  States,  the  majority  of 
this  rail  being  anchored  according  to  the  pattern  recommended  in  1953  or  with  slight 
modifications  in  the  pattern. 

Subsequent  to  1953,  additional  tests  and  studies  have  been  made  relative  to  tem- 
perature and  traffic  stresses  in  continuous  rail.  A  series  of  tests  was  carried  out  on  the 
Milwaukee  Road  in  1955  with  the  objective  of  obtaining  field  measurements  of  forces 
exerted  on  ties  by  the  rail  anchors  as  well  as  the  resistance  of  the  ties  to  these  forces 
(AREA  Proceedings,  Vol.  56,  page  283).  As  part  of  this  investigation,  jacking  tests 
were  made  on  the  rail  to  determine  the  resistance  which  the  tie  would  afford  to  move- 
ment in  the  ballast  with  two  groups  of  four  ties  anchored  alternately  and  with  two 
groups  of  four  ties  anchored  consecutively.  Analysis  of  the  measurements  developed 
that  the  resistance  to  movement  in  gravel  ballast  with  alternate  ties  anchored  ranged 
from  1500  to  2000  lb  per  tie  per  rail;  with  consecutive  ties  anchored,  the  resistance  pel 
tie  ranged  from  700  to  1200  lb  per  rail.  These  results  confirm  other  tests  that  have  been 
reported  showing  that  more  efficient  anchorage  per  anchor  can  be  obtained  by  anchor- 
ing alternate  ties.  Comparison  of  the  ranges  of  resistance  shows  that  there  is  very  little. 
if  any,  advantage  to  in-  gained  by  consecutively  anchoring  ties  beyond  the  capacity  of 
the  ballast  to  resist  tie  movement. 

If  the  resistance  of  the  ballast  is  considered  as  the  limiting  factor,  it  i-  apparent  that 
the  most  effective  anchorage  for  continuous  rail  is  to  box  anchor  alternate  ties  through 
out  the  length  of  the  rail  and  little,  if  any,  advantage  is  derived  bj   box  anchoring  sue 
cessive  ties  at  the  rail  ends.  Nor  i-  the  practice  "t  applying  single  anchors  against  pull- 
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aparts  at  the  rail  ends  required,  especially  when  it  is  considered  that  pull  anchors  are, 
for  the  most  part,  holding  against  the  contraction  of  the  rail  during  the  winter  months 
when  the  ties  are  frozen  in  the  ballast  and  their  resistance  thus  greatly  increased. 

In  view  of  the  information  presented  above,  it  is  the  recommendation  of  your 
committee  that  the  following  document  be  inserted  in  Chapter  5  of  the  Manual,  im- 
mediately following  the  present  document  titled  Rail  Creepage — Number  and  Position  of 
Rail  Anchors,  ending  on  page  5-5-5: 

RAIL   CREEPAGE— NUMBER  AND   POSITION   OF   RAIL  ANCHORS 
(CONTINUOUS  WELDED  RAIL) 

Effective  anchorage  for  continuous  welded  rail  must  provide  for  restraint  of  high 
temperature  stresses  as  well  as  stresses  due  to  train  movements.  For  track  carrying  either 
one-  or  two-direction  traffic,  it  is  recommended  that  alternate  ties  be  anchored  against 
movement  in  either  direction  for  each  rail  throughout  the  length  of  the  continuous  rail. 

Alternate  ties  should  be  anchored  against  movement  in  either  direction  for  each  rail 
through  buffer  rails,  insulated  joints,  turnouts  or  other  special  trackwork  adjoining  con- 
tinuous welded  rails. 

Sufficient  anchorage  should  be  provided  on  the  conventional  rail  adjoining  continu- 
ous rail  to  prevent  creepage  of  the  conventional  rail. 


Report  on  Assignment  5 
Economics 

W.  J.  Cruse  (chairman,  subcommittee),  M.  P.  Anderson,  Blair  Blowers,  E.  M.  Hodges, 
W.  J.  Jones,  Irvon  Planchon,  T.  P.  Poison,  R.  C.  Postels,  F.  L.  Rees,  J.  R.  Rymer, 
Wm.  J.  Savage,  T.  C.  Shedd,  Jr. 

This  is  a  progress  report,  presented  as  information. 

The  Atchison,  Topeka  &  Santa  Fe  Railway  has  owned  and  operated  an  electric-flash 
butt  welding  machine  for  over  two  years.  This  committee  has  selected  the  Santa  Fe's 
welding  cost  experience  to  illustrate  the  cost  of  welding  rails  employing  this  method. 

Santa  Fe  Cost  Experience 

During  a  six-month  period  in  1960,  the  Santa  Fe  produced  35,004  welds  with  its 
electric-flash  butt  welding  machine.  Using  this  production  level,  the  Santa  Fe  has  de- 
veloped the  annual  cost  of  operating  this  welding  plant  and  the  average  cost  per  weld 
based  on  three  8-hr  shifts  per  day  operation. 

Personnel  requirements,  production  rates  and  the  actual  cost  breakdown  are  in  the 
following  table: 
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Table  1 

Basic  labor  force  per  shift  12  men 

Hourly   production   rate    11.92  welds 

Monthly    production    time    480  hr 

Annual    production    70,00,8  welds 

Average  Cost 
Annual  Cost  per  Weld 

Company  labor,  including 

payroll  additives   $238,244.22  $3.4031 

Company  material    26,440.02  0.3778 

Commercial  power   17,733.03  0.2533 

Equipment  costs: 

Interest    and    taxes  6.00%    43,066.67  0.6152 

Depreciation  6.67yo 

Repairs  8.00%    27,200.00  0.3885 

Totals     $352,692.94  $5.0379 

The  actual  cost  of  company  labor  includes  the  following  personnel: 

Number  of  Men 

per  shift  Title 

Assistant  welding  engineer 
Assistant  to  welding  engineer 
Base  and  web  grinder  operator 
Inspector 

Head  grinder  operator 
Diesel  generator  mechanic 
Scaler 

Crane  operator 

Laborer  to  assist  crane  operator 
Machine   operators   to   assist   grinders  and   handle   winch 
1  Laborer  on  flat  cars  to  guide  rail 

During  the  representative  six-month  period  when  the  35,004  welds  were  produced, 
there  were  8.667  days  lost  on  account  of  equipment  breakdowns  and  five  days  of  pro- 
duction lost  in  moving  the  welding  plant  750  miles.  The  70,008  welds  per  annum  in- 
cludes these  production  losses. 

Actual  company  labor  costs,  including  payroll  additives,  were  used  to  develop  the 
average  cost  per  weld. 

Under  various  plans  of  operation,  the  cost  per  weld  for  commercial  power  can  be 
considered  nearly  constant  provided  that  the  consumption  and  demand  requirements  are 
applicable  to  a  given  electric  power  rate  schedule.  The  variable  portion  of  the  commercial 
power  cost  would  be  the  charge  for  installing  transformers,  etc.,  and  their  removal.  This 
cost  would  vary  with  the  length  of  time  at  a  given  location.  The  Santa  Fe  based  the 
commercial  power  cost  on  the  actual  amount  expended  on  electric  power  and  the  in- 
stallation of  transformers,  etc. 

Equipment  costs  are  based  on  the  estimated  annual  interest .  taxes  and  depredation 
charges,  assumed  to  be  12.67  percent  of  the  original  cost  of  the  machine. 

Annual  repair  costs  are  estimated  at  8  percent  of  the  original  cost,  based  OH  an 
annual  production  of  70,008  welds.  Under  other  plans  of  operation,  the  annual  repair 
costs  can  be  reduced  proportionately. 
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Nearly  all  of  the  Santa  Fe's  electric-flash  butt  welding  plant  operation  has  been  on  a 
three  8-hr-shift-per-day  basis.  It  is  felt  that  the  production  rate  of  11.92  welds  per  hour 
can  be  accomplished  under  other  plans  of  operation. 

Other  Plans  of  Operation 

Based  on  the  cost  experience  of  the  Santa  Fe,  other  plans  of  operation  have  been 
developed.  They  are  two  8-hr  shifts  per  day,  two  9-hr  shifts  per  day  and  two  10-hr 
shifts  per  day.  The  average  cost  per  weld  varied  within  a  limit  of  $0.19  per  weld,  the 
operation  with  two  8-hr  shifts  being  the  most  expensive. 

It  should  be  noted  that  on  a  three-8-hr-shift-per-day  basis,  only  22.5  hr  a  day  are 
productive.  A  full  16  hr  of  production  per  day  can  be  accomplished  on  a  two  8-hr- 
shift-per-day  basis. 

The  two  8-hr-shift-per-day  operation  has  been  selected  for  comparing  annual  costs 
and  the  cost  per  weld  for  various  levels  of  production.  The  cost  breakdown  on  a  two 
8-hr-shift-per-day,   12-months-per-year  operation  is  as  follows: 

Table  2 

Basic  labor  force  per  shift   12  men 

Hourly   production   rate    1 1 .92  welds 

Monthly  production  time    348  hr 

Annual    production     49,778  welds 

Average  Cost 

Annual  Cost  per  Weld 

Company  labor,  including 

payroll    additives    $159,758.28  $3.2094 

Company  material    18,806.13  0.3778 

Commercial    power    13,141.39  0.2640 

Equipment  Costs: 

Interest    and    taxes     6.C0%  .,  _,,  ,„  „„,(. 

•n •    .;  ,-  ,««     43,060.0/  0.8652 

Depreciation  6.67% 

Repairs    18,133.33  0.3643 

Totals     $252,905.80  $5.0807 

We  have  also  used  the  Santa  Fe's  figures  to  determine  the  annual  costs  and  the 
cost  per  weld  for  operating  an  electric-flash  butt  welding  machine  for  two  8-hr  shifts 
per  day  on  six-month  and  three-month  bases.  The  basic  labor  force  and  rate  of  produc- 
tion are  the  same  as  stated  in  Table  2.  The  tabulations  of  these  alternative  plans  of 
operation  are  as  follows: 

Table  3 

24.889   welds   per   year  12,445   welds   per  year 

two     8-hr     shifts     per  two     8-hr     shifts     per 

day,  6  months  per  year  day,  3  months  per  year 

Average  Cost  Average  Cost 

Company  labor,  including        Annual  Cost         per  Weld  Annual  Cost         per  Weld 

payroll    additives    $79,878.76             $3.2094  $39,940.98             $3.2094 

Company  material   9,403.06               0.3778  4,701.72               0.3778 

Commercial    power    7,489.10               0.3009  4,664.39               0.3748 

Equipment  costs: 
Interest,  taxes  and 

depreciation    43,066.67               1.7303  43,066.67               3.4606 

Repairs    9,066.67               0.3643  4,533.33               0.3643 

Totals    $148,904.26  $5.9827  $96,907.09  $7.7869 
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Report  on  Assignment  6 
Welding  Second-Hand  Rail 

H.  F.  Gilzow  (chairman,  subcommittee),  S.  H.  Barlow,  Blair  Blowers,  W.  E.  Cornell, 
W.  E.  Gardner,  T.  B.  Hutcheson,  W.  J.  Jones,  C.  P.  Martini,  A.  S.  McRae,  B.  M. 
Monaghan,  F  L.  Rees. 

This  report  is  submitted  as  information. 

The  information  for  the  report  was  obtained  from  a  questionnaire  that  was  an- 
swered by  members  of  this  subcommittee.  Only  five  railroads  reported  the  welding  of 
second-hand  rail  with  the  remaining  roads  expressing  an  interest  in  the  subject. 

As  in  any  subject,  the  item  of  cost  is  very  important.  Since  angle  bars  are  usually 
available  for  second-hand  rail,  some  roads  have  not  been  able  to  justify  the  expense  of 
welding.  The  first  cost,  however,  is  just  a  part  of  the  story;  the  savings  in  maintenance 
cost  that  can  be  made  in  the  future  should  not  be  overlooked.  Welding  cost,  in  general, 
has  now  been  reduced  so  that  rails  can  be  welded  together  cheaper  than  jointing  them 
together  with  new  bars.  The  welding  of  second-hand  rail  is  more  economical  than  using 
bolted  joints  if  the  second-hand  bars  are  not  satisfactory  for  reuse.  If  the  second-hand 
bars  can  be  reused  as  they  are,  however,  or  reformed,  the  economics  of  welding  is 
doubtful. 

Most  railroads  are  limiting  the  welding  of  second-hand  rail  to  control-cooled  rail 
very  discriminately  classified.  Rail  that  is  curve  worn,  kinked,  bent,  corrugated,  or  has 
shelly  spots,  fractures  or  engine  burns  is  not  welded.  The  rail  is  cropped  beyond  the 
end  of  the  joint  area  sufficiently  to  remove  the  area  worn  by  the  bars  and  to  eliminate 
the  secondary  batter.  A  few  railroads  have  welded  non-control-cooled  rail  satisfactorily 
for  use  on  branch  freight  lines  or  for  use  through  road  crossings  where  the  rail  traffic 
is  light. 

It  is  desirable  to  weld  the  rail  the  same  way  it  comes  out  of  the  track  and  maintain 
the  gage  side  on  the  rail  in  the  welding  operation.  After  the  rail  is  laid,  grinding  ol  the 
running  surface  of  the  ball  is  very  important  to  take  care  of  any  differences  in  vertical 
head  wear  that  might  exist. 

No  special  tests  are  made  for  internal  defects  prior  to  welding  other  than  testing  in 
the  track  periodically  by  a  rail  detector  car.  Cropping  of  the  rail  ends  will  eliminate 
any  defects  in  the  rail  ends  not  found  by  rail  detector  car  inspection. 

The  electric-flash,  oxyacetylene,  and  thermit  weld  processes  have  been  used  success 
fully   on    second-hand   rail.   There   have   been    no   more   defects   percentagewise    in    one 
process  than  in  another;  nor  is  there  any  indication  that  welds  in  second-hand  rail  are 
failing  any  more  frequently  than  welds  in  new  rail. 

It  is  anticipated  that  welded  second-hand  rail  will  out-perform  bolted  rail  with  less 
annual  maintenance  cost  and  should  u'ivc  20  to  30  years  of  service  life,  depending  on 
the  speed,  traffic  tonnage  and  standard  of  maintenance. 

There  have  been  practically  no  differences  experienced  in  the  handling  and  laying 
of  second-hand  rail  compared  with  new  rail.  The  same  type  >>\  equipment  and  same 
methods  used  for  installing  new  rail  work  satisfactorily  for  second-hand  rail.  The  same 
rail  anchor  pattern  and  same  length  of  strings  have  proven  satisfactory.  It  is  recom- 
mended   that    continuous    welded    rail    not    be    laid    where    there    are    single  shoulder    tie 

plates.  Some  railroad-  have  experienced  -nine  difficulty  in  handling  in  the  welding  plant 
because  of  grease  on  the  rail,  which  requires  more  cleaning  of  the  rail  ends  before 
welding. 
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One  railrcad  feels  that  for  second-hand  rail  it  would  be  more  economical  to  stand- 
ardize on  welding  two  or  three  rail  lengths  to  keep  the  cost  of  anchorage  down  and  to 
minimize  the  problem  of  excessive  rail  run,  threat  of  sun-kinks,  etc.,  rather  than  to  fab- 
ricate second-hand  rail  into  continuous  strings. 

The  committee  plans  to  send  a  questionnaire  to  members  of  the  committee  so  that  a 
more  comprehensive  report  on  this  subject  may  be  made  next  year. 


for  effective 
weed  control... 


Concentrated  BORASCU 
POLYBOR-CHLORATE 
UREABOR® 
MONOBOR-CHLORATE 


These  borate  weed  killers  are  proving  best 
for  roads  in  every  way . . .  efficiency,  safety, 
economy,  convenience,  easy  application. 


Today's  use  of  borates  for  maximum  control  of 
vegetation  began  years  ago  with  our  pioneer 
work  in  the  field.  Continued  research  has 
developed  the  group  of  herbicides,  listed  above, 
which  most  roads  now  favor  for  every  phase  of 
weed  control.  These  four  weed  killers  are 
nonselective.  They  are  widely  used  for  year- 
round  maintenance  of  weed-free  conditions 
about  trestles,  tie  piles,  yards,  signals,  switches, 
and  rights  of  way.  Find  out  how  you,  too,  can 
do  a  better  job  on  weeds . . .  write  today  . 

AGRICULTURAL  SALES  DEPARTMENT 


BORAX 


630    SHATTO    PLACE     •     LOS    ANGELES    5,    CALIFORNIA 


Hull.  663 


Model  N  U  Tie  Cutter 


HERE  IS  THE  WINNING  TEAM 

The  Woolery  NU  Tie  Cutter  and  the  Woolery  Tie-end  Remover  preserve  the  line  and  surface 
of  the  track  and  at  the  same  time  reduce  the  cost  of  tie  renewals.  Ties  can  be  removed 
without  trenching,  jacking  up  track  or  adzing  tops  of  rail-cut  ties.  With  this  team  you  simply 
cut  both  ends  of  tie,  pry  out  center  piece,  insert  in  its  place  the  tie-end  remover  and  out 
go  the  tie  ends  pushed  by  the  double  acting,  double  ended  hydraulic  cylinder  of  the  Tie- 
end  remover. 


FOR  HIGHEST  EFFICIENCY  USE  TWO  TIE  CUTTERS  WITH  ONE  TIE-END  REMOVER 


WOOLERY  MACHINE  COMPANY 


MINNEAPOLIS,  MINN. 


SOUND  REASONS  WHY  YOU  CAN  CONFIDENTLY 
SPECIFY  THE  JACKSON  TRACK  MAINTAINER 


^P      GREATEST   SPEED    COMPATIBLE    WITH    FIRST   QUALITY   TAMPING. 

A  THE  ONLY  PRODUCTION  TAMPER  PERFECTLY  ADAPTABLE  TO  ALL  CONDITIONS  OF 
TRACK;  such  as  kind  and  condition  of  ballast,  working  in  the  lowest  to  highest  lifts. 

A  OBTAINS  THE  LONGEST-LASTING,  GOOD-RIDING  TRACK  QUALITIES  by  reason  of 
maximum  consolidation  under  the  rails  and  the  largest  area  of  uniformly  consolidated 
ballast  achieved   by  any  tamper. 

^M  THE  JACKSON  SERVICE  ORGANIZATION  INSURES  proper  installation,  operation,  care 
and  most  efficient  use  of  the  machine  by  working  closely  and  whole-heartedly  with 
all  personnel  concerned. 

Write,  wire  or  phone  for  complete  information  and  you'll  find  you  can  confi- 
dently specify  tin-  JACKSON    TRACK   MAINTAINER  as  the  best  machine 
for  both  putting  up  and  maintaining  finest  track  at  lowest  cost. 
We  offer  attractive  acquirement  plans.  _.  . 

JACKSON   VIBRATORS,   INC.    Lm,Dc'h™ 


Z-x-t-e-n-d  Tie  £-i-f}-*l 
4fold  Qaae! 

USE  TIE  PLATE 
LOCK  SPIKES 


One-piece  Design 

LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
cross-ties  and  bridge  timbers. 

LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  with  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 

BERNUTH,  LEMBCKE   CO.,  INC. 

420  Lexington  Avenue,  New  York  17,  N.  Y. 


Actual 
Size 


at 

your 

service 


for 

a  1 1    types   of   cranes 

diesel   wreckers 

pile   drivers 

buckets 


ORTON 


CRANE    &    SHOVEL    CO. 

608       S  .       DEARBORN      ST. 
CHICAGO       5,       ILLINOIS 


PHILO  A.  ORTON 

Prttident 
Representatives    in    Principal    Cities 


How  GRS  Syncroscan 
Paid  Off  Between 

Buffalo  and  Cleveland 


In  1956,  the  New  York  Central  initiated 
its  modern  cTc  program  by  placing  a  163- 
mile  stretch  in  service  between  Buffalo  and 
Cleveland.  The  installation  demanded  a 
traffic  control  system  with  enormous  ca- 
pacity and  speed.  GRS  Syncroscan  was  the 
answer.  Syncroscan  continuously  checks — 
with  electronic  speed — the  location  of 
every  train,  the  position  of  each  switch  and 


signal.  Fast-acting  relays  control  switches 
and  signals  with  ample  speed  to  keep  up 
with  operator's  decisions. 

By  using  Syncroscan — like  the  Central 
— you  can  handle  many  miles  of  busy 
multiple-track  main  line,  including  major 
interlockings,  from  a  single  office.  And  you 
can  do  it  better,  faster,  and  more  eco- 
nomically than  with  your  present  method. 


FOUR    TRACKS    CUT    TO    TWO     The  $6  million  project  produced  $3 

million  in  salvage. 

FREIGHT      TIME       SAVED       Train  speed  increased  from  20-30  mph  to  60 

mph— freight   time  reduced   from   7   hours 

to  3y2. 


GREATER  FLEXIBILITY 

tAv»tLLtlMI      KbIUKIM       Estimated  saving  of  87%  on  the  investment 


Two  tracks  give  better  operation— fast  trains  can 
now  be  run  around  slower  trains. 


GENERAL  RAILWAY  SIGN AL  COMPANY 


ROCHESTER  7,  NEW  YORK 


NEW  YORK    17,  NEW  YORK 


CHICAGO   1,  ILLINOIS 


ST.  LOUIS   I.  MISSOURI 


VEGETATION  CONTROL 


WITH 


CHEMICALS 


READE  MANUFACTURING  COMPANY,  INC. 

Jersey   City — Chicago — Minneapolis — Kansas 
City — Birmingham — Stockton 

SERVING  RAILROADS  OF  AMERICA  FOR 
MORE   THAN   FORTY   YEARS 
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Although  having  a  total 
length  of  only  277  miles,  the 
Clinchfield  Railroad  extends 
into  five  states. 


At  today's  prices  for  rail,  ballast, 
crossties  and  labor,  the  replacement  of 
eight  miles  of  main  line  track  costs  a 
railroad  about  a  million  dollars. 


Lots  of  freight  trains  have  both  names  and  nick- 
names One  named  the  "Texas-Oklahoma- 
Missouri -Kansas -Arkansas  Traveler"  is  called 
"TOMKAT"  for  short. 


DO  YOU  HAVE 

QfltpoTCDoIMYIE  DATA 


PULLMAN -STANDARD 
Z\  PS-Power  Ballaster  □  PS-Power  Tie  Spacer 


PS-Power  Cribber 


PS-Rail  Handler 


PS-Electronic  Track  Raiser 


PS-Power  Tool  Carriage 


PS-Power  Cleaner  and  Winch  Car 


ASK  YOUR  P-S  REPRESENTATIVE 

TRACK   EQUIPMENT  DEPARTMENT 

PULLMAN-STANDARD 

A  DIVISION   OF   PULLMAN  INCORPORATED 

200  SOUTH  MICHIGAN  AVE.,  CHICAGO  4,  ILLINOIS 

BIRMINGHAM,   PITTSBURGH,   NEW  YORK 

IN  CANADA:  THE  HOLDEN  COMPANY  LTD. 

MONCTON.  MONTREAL,  TORONTO,  WINNIPEG,  VANCOUVER 


i 

Hubbard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 


UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 


% 


Unit  Rail  Anchor 

UNIT  RAIL  ANCHOR  DIVISION 


UNIT  RAIL  ANCHOR  CORPORATION 
NEW  YORK  PITTSBURGH  CHICAGO 


FIBRE  REPAIR  PARTS 

for 
INSULATED  JOINTS 


The   Effectiveness  of  the  Joint 

Is  Dependent  Upon   the  Quality, 

Workmanship   and   Fit  of   Every   Part. 


Rail  Joint  Company 

Division   of  Poor  &  Company,  (Inc.) 
New  York  7,   N.  Y. 


EST 


Here  are  the  up-to-date  facts  on  the  SPENO  Ballast 
Cleaning  and  the  SPENO  Rail  Grinding  Services. 


BALLAST  CLEANING 

SPENO  Engineering  and  Research  has  de- 
veloped a  superior  screening  arrangement  so 
that  we  arc  now  using  an  improved  Ballast 
Cleaner  with  greater  efficiency. 

RAIL  GRINDING 


Our  Rail  Grinding  Service  has  been  so  well 
received  we  are  now  building  a  THIRD  Rai 
Grinding  Train  to  take  care  of  the  increased 
demand. 

SPENO  M  constantly  developing  means  for 
better  service  to  make  sure  that  the  Railroads 
receive  everything  they  pay  for  —  and  more 


c/ud£~/rfs6,  &te  ^ai$mz<ds  7Aa£~na</e  uset&  as. 
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FRANK  SPENO  RAILROAD  BALLAST  CLEANING  CO.,  INC 


306  North  Cayuga  $1. 
Ithaca.  N.  Y. 


OO   WOODINGS-VERONA  TOOL  WORKS 

^^f  Pioneer  Manufacturers 

of 
HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Since  1873 

VERONA.  PA.  CHICAGO.  ILL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

of 

WOODINGS  RAIL  ANCHORS 

VERONA.  PA. 

CHICAGO.  ILL. 

Notes  on 

Railroad  Location  and  Construction  Procedures 
from  the  School  of  Experience 

By  J.  A.   Given 

A  series  of  notes,  comments,  short-cut  methods  and  "tricks  of  the 
trade"  written  by  a  railroad  location  engineer  of  many  years  of 
practical   experience  for  the   benefit  of  young   engineers. 

Price  $0.50 

AMERICAN  RAILWAY  ENGINEERING  ASSOCIATION 

59  East  Van  Buren  Street 
Chicago  5,   III. 


CONTINUOUS  RAIL 

—Quickly,  Economically  with  the 


RAIL  WELDING 


A  typical  transformer  sub-station  furnish- 
ing commercial  power  for  NCG  Automatic 
Rail  Welding  System. 


When  "Flashing"  stops,  the  weld  upset  is 
sheared.  The  weld  is  then  ground  with 
abrasive  belts  to  a  smooth  surface. 


Now  small  work  crews  do  a  big,  fast 
job  with  the  continuous,  highly 
automated  NCG  Rail  Weldirtg  System 
using  commercial  electricity. 
Time-wasting  annealing  and 
normalizing  are  eliminated.  All 
operations  are  automatic,  under 
push-button  control. 

The  NCG  Rail  Welding  System  brings 
the  highly  desired  advantages  of 
continuous  rail  to  many  roads  which 
previously  deemed  it  beyond  budget 
acceptance.  It  may  be  purchased 
or  leased.  Write  for  details  now. 
NATIONAL  CYLINDER  GAS,  DIVISION 
OF  CHEMETRON  CORPORATION 
840  N.  Michigan  Ave.,  Chicago  11,  111. 


NCG 


A  pusher  moves  strings  of  welded  rail 
onto  flat  cars  ready  for  shipment. 


NATIONAL  CYLINDER  GAS 


C'961  Chemelron  Corporation 


OF  SPRING  WASHERS 


THE  NATIONAL  LOCK  WASHER  CO. 

Newark  N.  J.,  U.  S.  A. 


THE  DOUBLE  U  RAIL  ANCHOR 


ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


ROOTS  AND  LOADS  TIES 


LAYING  WELDED  RAIL 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

dOiS  ALL  JOBS 


CUTS     MAINTENANCE     COS1 


72  FAST  CHANGE  ATTACHMENTS 


•  Forks 

•  T/4  Cu.  Yd.  Bucket 

•  Tote   Hook 

•  18'  Boom   Extension 

•  Fork  Tie  Baler 

•  Track   Cleaning   Bucket 


•  Back   Hoe 

•  Clamshell 

•  Back   Filler  Blade 

•  Pull   Drag   Bucket 

•  4  Cu.   Yd.   Snow   Bucke 

•  Pile  Hammer 


Optional   Attachment 
Flanged   Wheels,   Hydraulically  Controlled 


PETTIBONE  MULLIKEN  CORPORATE 


9'   WIDE   TRACK   CLEANING   BUCKET 


RAILROAD      ^        DIVISION 


141    W.    JACKSON  ^V'-:^       CHICAGO    4,    III 

80   Years  of  Service 
to  the  Railroad   Industry 


TEXACO 

Railroad  Lubricants 

and  Systematic 

Engineering  Service 

Improve  Performance 
-  Reduce  Costs 


TEXACO  INC. 

RAILWAY  SALES  DIVISION 

135  East  42nd  Street,  New  York  17,  N.Y. 


^  BorTunCo  group 

BorTunCo  has  an  established  record  with  engineers  and 
contractors  for  capable   sub-contract  job   performance 


ROAD  BORING  AND 
TUNNELING  COMPANY,  INC. 
Road   Boring  for  Municipal  and 
Industrial    Utilities   in   Texas,   Okla- 
homa  and   Arkansas. 


TEXAS  ROAD  BORING 

COMPANY  OF  LA.-MISS. 

Road   Boring  and  Tunneling  for 

Municipal  and  Industrial  Utilities 

in   Louisiana  and  Mississippi. 


BORING  AND 

TUNNELING  COMPANY 

OF  AMERICA 

Road  Boring  and  Tun- 
neling for  Municipal 
and  Industrial  Utilities 
throughout  the  remain- 
der of  the  U.  S. 


TEXAS 
TUNNELING  COMPANY 

Tunneling  —  Pipejack- 
ing  —  Multiplate  Instal- 
lations; also  furnishes 
equipment  and  super- 
vision for  other  divi- 
sions throughout  the 
U.S. 


. 


HORIZONTAL 
HOLES,  INC. 

Specializes  in  complete 
turnkey  road-crossings 
throughout  the  U.  S. 
for  Cross-Counfry  Gas, 
Oil  and  Products  Pipe- 
lines. 


BORING  AND  TUNNELING  CO.  OF  AMERICA 


2902   Ricks   Road 

3920  Monro*  Road 

Charlotte  5, 

North  Carolina 


P.  O.   Box   14214 


Houston,  Texas 


P.  O.  Box  4755 

Audubon  Station 

Baton  Rouge  8,  La. 


JA  6-2755 

5515  RcdfleJd 

Dalian  35, 

Taxat 


•Negotiations  and  inquiries  strictly  confidential. 


THE  TRASCO 
AUTONOMIC  CAR  RETARDER 

CLAMPS  IN  PLACE 
ANYWHERE  IN  TRACK 

SIMPLE  —  EFFECTIVE  —  INEXPENSIVE 


TRACK  SPECIALTIES  CO. 

GENERAL   MOTORS    BLDG. 
NEW  YORK   19,  N.  Y. 
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Automatic  Shut-Off  Fueling  Nozzels  (illustrated),  by  V.  C.  Barth,  Chief 
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Report  of  the  Tellers 
March  8,   1961 

We,   the   Committee   of   Tellers,   appointed   to   canvass   the   ballots   for   officers  and 
members  of  the  Nominating  Committee,  find  the  count  of  the  ballots  as  follows: 

For  President 

R.  H.  Beeder   1,710 

For  Senior  Vice  President 
C.  J.  Code* 

For  Junior  Vice  President 

L.  A.  Loggins   1 ,687 

For  Directors  (first  four  men  elected) 

J.  H.  Brown   1,124 

J.   E.   Eisemann    1,008 

W.  H.  Huffman    943 

F.  R.  Smith  885 

V.  C.  Hanna  819 

H.  J.  Fast   694 

L.  S.  Crane   689 

Frank   Kerekes    626 

For  Members  of  Nominating  Committee  (first  five  men  elected) 

C.  E.  Ekberg,  Jr 1,016 

C.  E.  Weller   1,004 

W.   L.  Young    1,004 

John  Ayer,  Jr 879 

C.  E.  Defendorf   860 

W.  D.  Kirkpatrick   827 

D.  C.  Hastings   801 

C.  E.  R.  Haight   790 

R.  L.  Milner   585 

L.  C.  Collister  541 

The  Committee  of  Tellers, 

J.  E.  Wiggins,  Chairman. 


D.  F.  Apple 
W.  F.  Arksev 
CM.  Bard  well 
R.  A.  Bardwell 
J.  E.  Barron 
Ray  Brichler 
B.  Bristow 
J.  H.  Brown 
B.  E.  Buterbaugh 
N.  M.  Cary 
L.  C.  Collister 

D.  W.  Converse 

E.  H.  Cook 
V.  R.  Copp 


T.  F.  Creed 
A.  C.  Danks,  Jr. 
R.  Dejaiffe 
J.  J.  Dwyer 
R.  W.  Gilmore 
R.  R.  Gunderson 
G.  B.  Harris 
W.  F.  Kohl 
P.  R.  Matthews 
Ray  McBrian 
Major  Macomb 
D.  V.  Messman 
C.  H.  Newlin 
J.  C.  Roberts 


F.  J.  Olsen 
J.  P.  Ray 

G.  L.  Sarsfield 
F.  E.  Short 

E.  W.  Smith 
R.  N.  Smith 
J.  E.  Spangler 
Murray  Taylor 
J.  E.  Wiggins,  Jr. 

E.  L.  Woods 

F.  R.  Woolford 
F.  Yockey 
George  Zipperian 


*  Under    the    provisions   of    the    Constitution,    C.    J.    Code   advances   automatically   from    junior   vice- 
president  to  senior  vice  president. 
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Running  Report  of  the  Annual  Meeting  of  the  American  Railway 
Engineering  Association    (Engineering  Division,   Association  of 
American  Railroads),  March  7-9,  1961,  McCormick  Place,  Chi- 
cago,   Including    Abstracts    of    All    Discussions,    All    Formal 
Action   on    Committee    Presentations,   Specific    Papers  and 
Addresses    Presented   in   Connection   with    Committee 
Reports,  and  Other  Official  Business  of  the  Association 

Opening  Session,   March  7,   1961 

President  E.  J.   Brown,*  Presiding 

The  opening  session  of  the  60th  Annual  Meeting  convened  at  9:30  am. 

Executive  Secretary  Xeal  D.  Howard:  Gentlemen  while  you  are  finding  your 
places  President  Brown  has  asked  me  to  invite  our  officers,  past  presidents  and  direc- 
tors to  come  to  the  speaker's  table.  Will  you  gentlemen  please  come  up  now,  our  past 
presidents  on  my  right  and  the  directors  and  officers  on  my  left. 

President  E.  J.  Brown:   Gentlemen,  will  the  meeting  please  come  to  order. 

This  is  the  60th  Annual  Meeting  of  the  American  Railway  Engineering  Association 
and,  for  the  first  time,  this  is  also  the  concurrent  annual  meeting  of  the  Engineering 
Division  of  the  Association  of  American  Railroads. 

As  we  begin  the  serious  deliberations  of  our  convention,  it  is  fitting  and  proper 
that  we  seek  divine  guidance  and  help.  Accordingly,  I  have  asked  Father  J.  F.  Brown. 
Pastor  of  St.  Malachy's  Church  of  Chicago,  to  make  petition  in  our  behalf.  Father 
Brown. 

Invocation 

Father  J.  F.  Brown:  In  the  Name  of  the  Father  and  of  the  Son  and  the  Holy 
Ghost.  Amen. 

O  Heavenly  Father,  out  of  the  abundant  riches  of  Your  wisdom  this  world  has  been 
filled  with  blessings  so  numerous  that  only  the  wisest  of  men  can  comprehend  the 
goodness  of  Your   magnanimous  hand. 

Each  day  unfolds  new  wonders  of  Your  design.  Each  day  Your  grace  enables  men 
to  see  these  wonders  in  the  light  of  Your  provident  plan. 

Gathered  here  today  are  men  to  whom  You  have  given  the  powers  of  wisdom, 
of  understanding,  of  discernment,  of  imagination,  of  courage,  They  are  gathered  here  in 
the  dedicated  purpose  of  better  employing  these,  Thy  blessings,  which  they  have  come 
to  know. 

It  was  from  this  very  body  of  courageous  men  that  the  frontiers  of  our  nation  were 
widened  and  the  opportunities  that  have  made  this  country  the  bastion  of  strength  and 
the  almoner  of  the  world  were  fashioned.  Thus  again  do  we  beseech  Thy  guidance  in 
the  deliberations  that  are  before  them.  Give  them  the  courage  to  face  the  crises  that  are 
manifest  today.  Give  them  the  inspiration  to  behold  the  vistas  of  possibility  that  might 
fashion  new  and  better  masterpieces  reflecting  the  wisdom  Thou  has  seen  tit  to  share 
with  Thy  children. 


Chief  Engineer,  Burlington  Lines. 
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Above  all.  grant  that  in  their  discussions  they  may  refrain  from  any  thoughts  „f 
contemptuous  pride  or  of  selfish  gain  or  of  venal  service,  that  in  the  realization  that 
they  are  but  instruments  dedicated  to  Thy  service  they  may  devote  these  days  to  the 
humble,  sincere  and  dedicated  task  of  making  this  world  a  better  place  in  which  to  live, 
this  life  more  abundant  in  tranquility  and  peace,  and  all  of  us  more  worthy  to  receive 
Thy  blessings  poured  out  upon  our  homes  and  our  beloved  land. 

Guide  with  Thy  powerful  hand,  O  God,  their  plans.  Inspire  with  Thy  wisdom 
their  hopes.  Chasten  with  Thy  magnificence  their  ambitions.  Strengthen  with  Thy  mercy 
their  fears,  that  upon  each  and  every  one  in  this  convention  Thy  blessing  might  descend 
and  remain  forever.  Amen. 

In  the  Name  of  the  Father  and  of  the  Son  and  of  the  Holv  Ghost.  Amen. 


President  Brown:  Thank  you,  Father  Brown.  We  all  appreciate  your  very 
appropriate  invocation,  and  I  am  particularly  pleased  with  your  participation  in  this 
part  of  our  program.  We  would  be  happy  to  have  you  remain  with  us  for  a  few  minutes 
or  as  long  as  you  may  desire,  but  I  want  you  to  feel  at  liberty  to  leave  at  any  time. 

We  meet  here  today  in  completely  new  surroundings  for  our  convention,  and  for 
the  first  time  under  the  same  roof  with  the  exhibition  of  our  friends  in  the  National 
Railway  Appliances  Association. 

As  you  have  already  observed,  I  am  sure,  both  we  and  the  NRAA  have  adequate 
and  splendid  facilities  in  this  magnificent  new  lakefront  Exposition  Center — but  being 
here  together  certainly  presents  you  with  a  serious  conflict  of  interests. 

At  this  point  neither  the  AREA  nor  the  NRAA  knows  exactly  what  effect  this 
joint  arrangement  will  have  upon  attendance  at  the  convention  sessions  and  the  exhibit ; 
but  we  do  know  that  throughout  the  convention  you  will  be  either  here  in  the  con- 
vention sessions  or  at  the  exhibit  and  will  lose  a  minimum  of  time  as  you  move  from 
one  to  the  other.  The  important  thing  is  that  we  all  get  the  most  out  of  both. 

We  are  here  on  serious  business,  and  at  considerable  expense  to  ourselves  and  to  our 
companies.  Only  the  closest  attention  to  this  business,  and  a  determination  to  reap  the 
maximum  benefit  from  it,  will  be  satisfactory  and  acceptable.  From  the  evidence  here 
on  this  first  day,  I  think  any  fears  we  might  have  had  are  unfounded. 

May  I  suggest  that  you  schedule  your  activities  around  the  convention  program  as 
it  unfolds  in  each  session ;  that  you  keep  an  eye  on  and  attend  at  least  every  feature  in 
which  you  have  a  particular  interest,  and  then  fill  in  your  time  between  by  viewing 
the  exhibit.  I  suggest  this  preference  to  the  convention  program  because,  if  you  miss  any 
report  or  feature  of  special  interest  to  you,  it  will  be  just  too  bad.  It  will  be  gone,  and 
we  can't  back  up.  However,  the  different  exhibits  above  us  will  continue  to  be  there 
for  you  to  return  to  throughout  the  entire  convention,  without  fear  of  missing  any 
of  them. 

With  the  women's  headquarters  at  the  Conrad  Hilton  Hotel,  we  can't  expect  many 
of  our  ladies  to  drop  in  on  our  sessions  from  time  to  time  as  they  have  done  at  con- 
ventions in  the  past,  but  we  invite  and  encourage  their  attendance.  I  am  particularly 
pleased  to  see  so  many  ladies  here  today.  They  will  be  here  tomorrow  as  a  group  for 
a  luncheon  of  their  own  in  the  V.I.P  room  while  the  annual  Association  luncheon  is 
being  held  in  this  room.  I  hope  your  lady  will  be  among  them. 

All  in  all,  gentlemen,  with  your  fullest  cooperation  I  feel  certain  we  are  beginning 
what  will  prove  to  be  one  of  the  most  pleasant  and  profitable  convention-exhibit  ses- 
sions our  Association  has  ever  had. 
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Attendance-wise,  at  least,  we  are  off  to  a  good  start.  Up  to  3  pm  yesterday  there 
were  598  railroad  men  and  65.?  non-railroad  men  registered,  totaling  1,251,  which  1  think 
is  a  record  registration  for  the  first  day.  A  registration  list  will  be  produced  daily 
during  the   convention   by   the   Association   with   the   cooperation   of   Modern   Railroads. 

Incidentally,  speaking  of  cooperation,  you  have  no  doubt  noticed  the  two  beautiful 
new  Association  emblems  mounted  here  behind  the  speaker's  table  to  my  right  and  left. 
These  were  donated  to  the  Association  by  the  Minnesota  Mining  &  Manufacturing 
Company  and,  as  you  would  expect,  have  a  reflecting  face  of  you-know-what.  We  deeply 
appreciate  this  gift,  which  will  keep  the  Association  in  convention  emblems  for  many 
years  to  come. 

With  these  few  introductory  remarks  out  of  the  way,  I  would  like  to  present  to 
you  those  sitting  at  our  speaker's  table.  As  I  call  their  names  I  would  appreciate  their 
standing  momentarily  to  be  recognized.  In  the  interest  of  saving  time,  please  withhold 
your  applause  until  all  have  been  introduced. 

F.  R.  Woolford,  past  president,  AREA,  1959-1960;  chief  engineer.  Western  Pacific 
Railroad,  San  Francisco,  Calif. 

B.  R.  Meyers,  past  president,  AREA,  1958-1959;  vice  president  and  chief  engineer. 
Chicago  &  North  Western  Railway.  Chicago. 

Ray  McBrian,  past  president,  AREA,  1957-1958;  director  of  research,  Denver  & 
Rio  Grande  Western  Railroad,  Denver,  Colo. 

The  next  gentleman,  Wm.  J.  Hedley,  past  president,  AREA,  1956-1967;  chief  engi- 
neer, Wabash  Railroad,  St.  Louis,  Mo.,  was  unable  to  come. 

G.  M.  O'Rourke,  past  president,  AREA,  1955-1956;  retired  assistant  engineer 
maintenance  of  way,  Illinois  Central  Railroad,  Chicago. 

T.  A.  Blair,  past  president,  AREA,  1951-1952;  retired  chief  engineer  system,  Atchi- 
son, Topeka  &  Santa  Fe  Railway,  Park  Ridge,  111. 

C.  H.  Mottier,  past  president,  AREA,  1948-1949;  retired  vice  president,  Illinois 
Central  Railroad,  Chicago. 

The  next  gentleman  I  will  skip  for  the  time  being. 

A.  B.  Hillman,  treasurer,  AREA;  retired  chief  engineer,  Chicago  &  Western  Indiana 
Railroad  and  Belt  Railway  of  Chicago,  Chicago. 
Xeal  D.  Howard,  executive  secretary,  AREA. 

R.  H.  Beeder,  senior  vice  president,  AREA;  chief  engineer  system,  Atchison.  Topeka 
&  Santa  Fe  Railway,  Chicago. 

C.  J.  Code,  junior  vice  president.  AREA;  assistant  chief  engineer — staff,  Pennsyl- 
vania  Railroad,   Philadelphia,  Pa. 

W.  W.  Hay,  director,  AREA;  professor  of  railway  civil  engineering,  University  of 
Illinois,  Urbana,  111. 

The  next  place  was  reserved  lor  W.  M.  Jackie,  director.  AREA;  general  manager, 
Southern  Pacific  Company,  San   Francisco,  Calif.,  who  unfortunately  could  not   he  here. 

T.  F.  Burris,  director,  VREA;  chief  engineer,  system,  Chesapeake  &  Ohio  Railway. 
Huntington,  \\.  Va. 

T.  M.  von  Spreckcn,  director,  AREA;  retired  assistant  to  chief  engineer,  Southern 
Railway   System,   Washington.   I).  C. 

W.  E.  Cornell,  director.  AREA;  engineer  of  track.  New  York,  Chicago  &  St.  Louis 
Railway,  Cleveland,  Ohio. 

F.  L.  Etchison.  director.  AREA;  chief  engineer,  Western  Maryland  Railway,  Haiti- 
more,  Md. 
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W.  J.  Cruse,  director,  AREA;  engineer  maintenance  of  way,  Great  Northern  Rail- 
way, St.  Paul,  Minn. 

The  next  place  was  reserved  for  C.  R.  Riley,  director,  AREA;  general  manager, 
Eastern  Region,  Baltimore  &  Ohio  Railroad,  Baltimore,  Md.,  who  also  could  not  be  here. 

C.  J.  Henry,  director,  AREA;  chief  engineer,  Pennsylvania  Railroad,  Philadelphia, 
Pa. 

J.  M.  Trissal,  director,  AREA;  vice  president  and  chief  engineer,  Illinois  Central 
Railroad,  Chicago. 

W.  B.  Throckmorton,  director,  AREA;  chief  engineer,  Chicago,  Rock  Island  & 
Pacific  Railroad,  Chicago. 

J.  A.  Bunjer,  director,  AREA;  chief  engineer,  Union  Pacific  Railroad,  Omaha,  Neb. 

You  may  now  applaud.  [Applause] 

In  making  these  introductions,  you  may  have  noticed  that  I  skipped  over  one  man 
at  our  speaker's  table.  This  was  not  an  oversight;  it  was  done  purposely,  because  a 
little  later  in  our  program  this  morning  I  want  to  present  this  gentleman  to  you  to 
permit  him  to  bring  us  a  few  words  of  greeting  from  his  Association. 

Necessarily,  the  first  item  of  business  on  our  program  this  morning  is  approval  of 
the  minutes  of  our  1960  Annual  Meeting,  which  were  published  in  Vol.  61  of  the  AREA 
Proceedings,  a  copy  of  which  was  furnished  to  each  member. 

Unless  I  hear  some  objection  or  correction  to  these  minutes,  we  will  dispense  with 
the  reading  of  the  320  pages  contained  in  them.  Hearing  no  objections  or  corrections, 
I  declare  the  minutes  of  the  1960  Annual  Meeting  of  our  Association  approved  as 
presented  in  the  Proceedings. 

Address  of  President  E.  J.  Brown 

Members  of  the  American  Railway  Engineering  Association  and  guests:  As  we  meet 
here  in  this  our  60th  Annual  Meeting,  another  year  of  earnest  effort  has  been  added  to 
the  record  of  our  Association.  We  meet  in  a  new  environment  and  atmosphere,  different 
from  our  usual  meeting  places  in  this  spacious  structure,  McCormick  Place.  Here,  housed 
under  the  same  roof,  the  National  Railway  Appliances  Association  exhibition  is  on 
review. 

The  pioneers  who  laid  the  ground  work  for  our  Association  built  it  on  a  firm  foun- 
dation, as  has  been  attested  through  the  years.  We  have  had  good  years  and  some  try- 
ing ones  as  well,  but  always  we  have  come  through  with  a  better  and  a  more  inspired 
group  as  the  years  progressed.  The  past  year  was  one  of  those  in  which  our  industry 
saw  many  changes,  reduced  earnings,  keener  competition,  and  in  some  cases  a  general 
reorganization  of  the  industry  itself.  All  of  this  presents  a  challenge  to  the  railroad  engi- 
neer, in  that  he  must  be  more  alert  to  the  technological  advancements  in  doing  and 
planning  his  work.  I  know  of  no  better  way  to  keep  abreast  with  these  conditions  than 
through   the  American   Railway  Engineering  Association. 

Because  of  the  continually  changing  conditions  that  affect  the  nation's  requirements 
for  economical  transportation,  the  railroad  industry  in  the  future  will  be  faced  with 
new  problems — problems  that  will  challenge  our  ability  to  meet  them.  We  have  met 
them  in  the  past,  for  which  we  are  justly  proud.  However,  as  we  face  the  future,  let  us 
not  be  content  with  our  past  accomplishments,  but  rather  be  alert  to  discover  and  take 
advantage  of  every  opportunity  to  devise  new  and  improved  methods,  and  by  so  doing, 
meet  the  challenge  by  giving  maximum  service  to  the  railroad  industry  and  our  Asso- 
ciation. 
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The  life  blood  of  this  organization  is  its  technical  committees.  To  the  individual 
who  serves  on  these  committees  it  means  a  broadening  of  his  thinking.  The  investiga- 
tions made  by  such  groups  of  the  various  phases  of  work  bring  to  him,  and  through 
him  to  his  employer,  a  very  rich  return  for  the  time  and  effort  spent. 

I  speak  from  experience  when  I  say  that  everyone  in  this  Association  should  be  a 
member  of  a  committee  and  participate  to  the  fullest  extent.  I  direct  my  remarks  par- 
ticularly to  the  younger  men,  who  stand  to  obtain  the  most  benefits  not  only  from 
the  committee  work,  hut  also  from  their  association  with  other  committee  members  in 
the  exchange  of  ideas,  methods,  practices,  etc.,  which  they  can  evaluate  and  apply  on 
their  respective  properties.  To  the  committee  member  the  opportunity  is  afforded  of 
intensive  study  of  interesting  problems  which  arise  in  his  daily  work,  but  instead  of 
struggling  along  with  these  problems  he  has  the  great  advantage  of  conferring  with  a 
group  of  others  who  are  equally  interested  in  the  same  problems,  and  have  varied  experi- 
ence on  other  properties  affected  by  different  conditions  of  organization,  traffic,  physical 
formations,  and  climate.  This,  coupled  with  the  opportunity  to  meet  and  get  to  know 
personally  men  in  the  same  line  of  endeavor,  is  a  distinct  advantage  to  any  man,  broad- 
ening tremendously  his  point  of  view  and,  consequently,  enhancing  his  value  to  the 
company  he  serves.  This  service,  of  course,  is  a  voluntary  one,  similar  to  the  service 
given  by  other  associations  of  like  aims  and  activities;  but  such  service  has  a  most 
beneficial  reaction  on  each  individual  concerned  and  may  well  engender  in  him  the 
satisfaction  born  of  a  consciousness  that  this  Association  has  in  no  small  degree  con- 
tributed to  the  building  up  of  the  railroad  knowledge  upon  which  our  transportation 
system  is  based. 

In  recent  years,  suggestions  from  committees  have  resulted  in  expanding  the  research 
program ;  and  while  there  was  curtailment  in  the  research  program  during  the  past  year 
because  of  the  lack  of  funds,  we  should  not  become  discouraged,  but  renew  our  efforts 
to  come  up  with  new  ideas  and  present  them  to  our  various  committees  with  their 
justification  so  that  they  can  be  presented  for  further  consideration  by  the  AAR  Re- 
search Center.  We  are  living  in  a  changing  world,  and  our  industry,  which  has  been  in 
existence  for  many  years,  must  keep  pace  with  these  changes;  and  while  primarily  we 
are  charged  with  construction  and  maintenance  programs,  our  thinking  should  be  broad 
so  that  the  overall  ideas  which  we  have  will  benefit  the  industry  as  a  whole. 

Just  a  word  to  sum  up  what  I  have  just  said  in  regard  to  participation  in  com- 
mittee work.  It  has  been  pointed  out  that  a  man  starting  in  the  ranks  of  a  railroad  will 
continue  to  advance  to  higher  positions  in  management  on  the  basis  of  demonstrated 
ability.  You  can  find  no  better  way  to  equip  yourself  than  through  such  participation, 
and  as  a  result  your  employer  will  also  benefit. 

We  must  continue  to  urge  young  engineers  in  our  industry  to  become  Junior  Mcm- 
bers  and  later  transfer  to  full  membership,  tor  it  is  only  in  this  way  that  new  blood 
is  brought  into  our  ranks.  Our  Associate  Members  continue  to  be  an  important  part 
of  our  Association.  Their  contribution  and  advice  is  appreciated.  This  has  been  evidenced 
very   much   in   the   planning   for  this  meeting. 

The  past  year  has  been  an  interesting  one  for  me  as  your  president.  The  member- 
ship showed  a  small  increase,  notwithstanding  the  fad  that  we  did  not  conduct  a  spirited 

campaign  for  membership;    I  think  that  even  the  small  increase,  which  was  made  on  the 

applicants'  own   initiative,  indicates  the  interest  in  and  the  value  of  this  Association. 

The    finances   of    the    Association,    as    will    be    indicated    by    the    treasurer's    report,   are    in 

sound  condition,  in  order  to  cope  with  the  increasing  costs  and  reduced  budget.  Our 
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executive  secretary   and   his  staff   have   reviewed   every   phase  of   the   workings  <>f  the 

Association  to  keep  costs  in  line. 

During  the  year  a  review  of  all  the  committees  was  made  by  the  Executive  Com 
mittee   of   the   Board   of   Direction,   with    the   result   that   there   was  a   reduction  of   two 
committees  and  the  absorption  of  their  work  by  other  committees,  the  details  of  which 
will  be  covered  by  the  executive  secretary's  report. 

Well-planned  meetings  of  this  kind  just  do  not  happen.  They  are  the  result  of 
hard  work  by  the  secretary's  office  and  the  Committee  on  Convention  Arrangements,  and 
this  year  because  of  the  complete  change  in  arrangements  it  took  a  lot  of  doing. 

I  would  like  at  this  time  to  thank  Mr.  Howard  and  his  staff  for  the  efficient  way 
they  conducted  the  affairs  of  this  Association  during  the  past  year,  and  the  many  nice 
things  that  Mr.  Howard  did  for  me  personally,  which  made  my  year  as  president  much 
easier.  I  compliment  the  committee  chairmen  for  the  fine  work  they  have  performed 
during  the  year.  I  realize  it  was  not  too  easy  to  accomplish  some  of  the  things  that 
they  were  requested  to  do.  Their  cooperation  and  willingness  to  meet  the  changing 
conditions  are  appreciated  by  your  officers. 

There  is  no  group  having  higher  qualifications  for  real  citizenship  than  the  group 
I  address  this  morning,  and  there  is  an  urgent  need  for  constructive  citizenship  today. 
We  owe  our  country  and  generation  something  to  make  the  world  a  little  better  for 
having  lived  in  it;  the  sharing  of  our  experience  and  knowledge  with  our  fellow  asso- 
ciates will  result  in  a  better  society. 

As  I  mentioned  at  the  beginning  of  my  address,  the  National  Railway  Appliances 
Association  exhibits  are  in  this  same  building,  and  because  of  the  size  of  the  exhibition 
area  here  it  is  the  largest  exhibit  that  they  have  ever  had.  We  are  particularly  grateful 
to  our  suppliers,  with  whom  we  work  so  closely,  for  this  wonderful  exhibit.  I  have 
always  felt  that  our  supplier  friends  are  a  part  of  our  Association  and  its  work,  making 
a  team  for  the  accomplishment  of  the  task  at  hand.  Working  with  them  hand-in-hand 
has  given  us  the  modern  equipment  with  which  we  do  our  work.  We  have  made  great 
strides  in  devising  improvements  in  methods  and  machinery  for  doing  our  work,  but 
let  us  not  rest  on  what  has  been  accomplished,  but  continue  to  strive  for  even  better 
and  more  efficient  equipment. 

We  hope  our  members  will  find  time  to  avail  themselves  of  the  opportunity  to 
view  these  exhibits,  but  we  remind  them  that  our  meetings  will  also  be  going  on,  and 
we  hope  that  each  of  the  sessions  will  be  well  attended. 

To  the  ladies  who  are  assembled  here,  we  express  our  appreciation  for  their  pres- 
ence,  realizing  it  is  a  little  more  difficult   for  them   to   come  here  than  if  the  meetings 
were  held  in  the  hotel.  You  are  as  much  a  part  of  this  Association  as  the  members  them- 
selves, because  you  make  it  possible  for  the  time  and  effort  that  is  put  forth  by  the 
members. 

I  am  pleased  with  the  attendance  at.  this  opening  session,  and  although  you  might 
find  it  a  little  difficult  to  find  your  way  around,  I  hope  we  will  have  a  large  attendance 
at  each  session,  as  we  have  important  work  to  do. 

Thank  you.   [Applause] 


President  Brown  [continuing] :  The  next  order  of  official  business  is  the  report 
cf  our  executive  secretary,  Neal  D.  Howard.  Mr.  Howard,  I  shall  be  pleased  if  you  will 
present  your  report  at  this  time. 
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Executive  Secretary's  Report 

Mr.  President,  members  and  quests: 

This  is  the  eleventh  time  I  have  appeared  before  you  to  present  an  annual  report. 
These  have  been  pleasant  and  rewarding  years  in  your  service,  and  in  spite  of  any  part 
which  I  may  have  had  in  them,  they  have  been  good  years  for  our  Association,  which 
has  continued  to  grow  in  strength  and  stature,  and  in  usefulness  to  its  members  and 
to   the   railroad  industry. 

The  past  year  on  which  I  want  to  report  this  morning  was,  in  most  respects,  as 
stated  by  your  President,  no  exception.  In  spite  of  difficulties  the  Association  held  its 
own  in  most  respects,  and  actually  moved  forward  on  some  fronts.  However,  it  must 
be  said  that  its  full  effectiveness  in  1960  was  handicapped  by  the  necessity  to  restrict 
and  retrench  in  some  quarters.  Almost  before  the  year's  work  got  under  way  following 
the  Association's  highly  successful  1960  convention,  the  brakes  began  to  be  applied  by 
the  desire,  if  not  the  necessity,  of  the  railroads  to  effect  economies  in  the  activities  of 
the  many  committees  of  the  various  divisions  and  sections  of  the  AAR,  including  those 
of  the  AREA  in  its  capacity  as  the  Construction  &  Maintenance  Section  of  the  Engi- 
neering Division.  In  fact,  the  brakes  had  already  been  applied  to  the  activities  of  a 
number  of  AREA  committees  through  a  considerably  restricted  budget  to  underwrite 
research  work  they  had  proposed  to  undertake  or  progress  during  the  year. 

In  full  sympathy  with  the  desire  of  the  railroads  to  effect  economies,  the  Executive 
Committee  of  your  Board  of  Direction,  as  early  as  the  middle  of  last  May,  requested 
all  of  cur  committees  to  put  into  effect  immediately  the  "recession"  measures  adopted 
by  the  Association  in  1958  with  respect  to  their  activities  to  reduce  the  off-the-job  time 
and  traveling  expenses  of  their  members  in  connection  with  attendance  at  committee 
meetings.  At  the  same  time  the  Executive  Committee  instigated  a  review  of  the  desir- 
ability and  feasibility  of  combining  some  of  the  Association's  23  committees,  which,  as 
President  Brown  has  said,  resulted  in  the  decision  to  discontinue  two  committee,  con- 
solidating their  assignments  and  personnel  with  two  other  committees.  Late  in  October, 
in  a  further  effort  to  effect  economies,  Association-wise — looking  to  the  future — when 
it  became  evident  that  the  Association  could  not  expect  financial  support  from  the  AAR 
in  1961  equal  to  that  in  1960,  the  Board  decided  to  discontinue  the  publication  of  the 
bound  annual  volume  of  the  Proceedings  and,  instead,  to  publish  the  annual  proceed- 
ings in  the  June-July  issue  of  the  Bulletin,  under  an  arrangement  whereby  members 
will  be  given  a  book-casing  type  binder  to  permit  them  to  bind  all  of  their  Bulletins  for 
future  reference. 

Also,  when  the  Board  was  advised  that  the  AAR  would  lie  unable  in  1961  to  con- 
tinue its  former  contribution  toward  the  publication  in  the  Bulletins  and  Proceedings 
of  research  reports  prepared  for  AREA  committees  by  members  of  the  Engineering  Divi- 
sion research  staff,  it,  reluctantly,  decided  that  the  best  the  Association  could  do  to  offset 
this  loss  until  financial  assistance  was  again   forthcoming,  was  to  present  in  the  Bulletins, 

beginning  January  1961,  only,  for  the  most  part,  edited  and  condensed  drafts  of  these 

reports,    with    any    conclusions    and    recommendations — with    notation    that    copies    of   the 

complete   reports,  in   mimeograph   form,   would   be  available   from   the    \.\k    Research 

Center.    We   do    hope    that    another   year    we    ran    get    back    on    much    I  lie    old    basis   as    in 

the  besl  interest  of  all  concerned. 

Throughout  all  this  behind-the  m  cm-  activity  in  the  interest  ol  economy,  the 
Association  in  i960  maintained  its  vigor,  progressed  its  work,  and  actually  moved  ahead 
in  a  number  of  respects.  Just  a  feu  fads  in  verification  ot  this  statement: 
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Membership  in  the  Association  as  of  February  1.  1961,  stood  at  3407,  a  net  gain 
of  34  over  the  membership  of  3373  one  year  earlier.  In  addition,  42  Student  Affiliates 
enrolled  late  in   the  year  following  the  creation  of  this  status  by   the   Hoard  in  August. 

Reflecting  unmistakably  the  continued  interest  of  members  in  serving  on  commit- 
tees, and  of  the  railroads  in  being  represented  on  committees,  is  the  fact  that  whereas 
1128  members  were  serving  on  the  Association's  23  standing  and  special  committees 
during  1960,  1160  members — on  their  specific  request,  or  the  request  of  their  railroads — 
have  been  assigned  to  the  Association's  22  committees  for  1961 — these  including,  of 
course,  the  43  members  assigned  to  reactivated  Committee  18 — Electricity,  arising  out 
of  the  discontinuance  of  the  Electrical  Section  of  the  AAR. 

However,  it  should  be  noted  that  for  1961,  for  the  first  time,  to  satisfy  the  desire 
of  the  AAR  for  relatively  small  committees,  only  the  chairman,  vice  chairman,  secretary 
and  subcommittee  chairmen  of  AREA  committees  are  considered  official  representatives 
of  the  Engineering  Division,  AAR. 

That  the  committees  of  the  Association  were  "on  the  job"  during  the  year  is  seen 
in  the  fact  that  they  produced  one  or  more  reports  on  128  of  their  191  technical  assign- 
ments— 19  of  which  were  final  reports.  Furthermore — and  this  is  truly  significant — all 
the  Association's  20  committees  which  have  chapters  in  the  Manual  included  Manual 
recommendations  in  their  reports  for  the  year,  to  be  acted  on  at  this  convention.  And 
if  that  isn't  impressive  enough,  I  would  point  out  that  these  recommendations  pertain 
to  a  total  of  180  different  specifications  and  recommended  practices — to  me  a  remarkable 
achievement. 

Time  will  not  permit  further  reference  here  to  the  activities  and  achievements  of 
the  Association  during  the  past  year.  For  further  details  I  must  refer  you  to  the  Secre- 
tary's Report  as  printed  in  the  March  Bulletin. 

What  about  1961?  Of  course,  nothing  can  be  certain.  But  the  Secretary's  Report 
says  that,  "encouraged  by  the  1961  convention  prospects,  stimulated  by  the  problems 
ahead,  and  convinced  of  the  continuing  great  value  of  their  organization,  all  segments 
of  the  Association — its  officers  and  directors,  its  committees,  the  membership  generally, 
and  the  secretary's  office — can  look  forward  to  a  new  Association  year  with  a  high 
degree  of  enthusiasm  and  confidence."  To  this  I  would  like  to  add  just  one  thing  which 
I  know  to  be  absolutely  true.  In  the  AREA  the  railroad  industry  has  a  "gold  mine"  of 
resources.  Thank  you.   [Applause] 


President  Brown:  Thank  you,  Mr.  Howard.  From  the  necessarily  brief  resume  of 
your  report — and  from  your  report  as  a  whole,  which  I  have  read  in  full — it  is  evident 
that,  while  confronted  with  a  number  of  special  problems  due  to  unfavorable  economic 
conditions,  our  Association  has  come  through  another  year  successfully,  has  made  a 
highly  worthwhile  contribution  to  our  profession  and  to  our  industry,  and  looks  to  the 
coming  year  with  confidence. 

To  all  those  who  contributed  to  the  effort  of  the  Association  during  the  past  year — 
our  officers  and  directors,  our  committee  chairmen  and  members,  our  secretary  and  his 
staff,  the  Association  of  American  Railroads,  and  all  others  who  have  collaborated  with 
our  Association  in  any  way — I  extend  my  thanks. 

Our  next  order  of  business  is  the  report  of  our  treasurer,  A.  B.  Hillman,  retired 
chief  engineer,  Chicago  &  Western  Indiana  and  Belt  Railway  of  Chicago.  Mr.  Hillman, 
I  will  be  pleased  if  you  will  make  your  report  at  this  time. 
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Treasurer's  Report 

Mr.  President,  members,  and  guests:  After  that  generally  favorable  report  of  your 
executive  secretary,  I  am  sorry  to  have  to  report  that  the  Association  had  a  deficit  year 
in  1960,  but  I  am  happy  to  say  that  while  a  deficit  of  as  much  as  $8,000  to  $9,000 
had  been  anticipated.  Disbursements  exceeded  Receipts  by  only  $2,839.50.  The  main 
reasons  the  deficit  was  not  larger  were  economies  effected,  especially  in  printing,  and 
the  avoidance  of  certain  anticipated  expenditures,  on  the  one  hand,  and  higher  receipts 
than  expected  on  the  other  hand.  These  higher  receipts,  despite  a  poor  year  generally 
in  the  railroad  industry,  were  due  primarily  to  the  sustained,  even  slightly  enlarged 
membership  of  the  Association  referred  to  by  your  secretary,  and  a  continuing  heavy 
demand  for  the  Association's  publications,  both  of  which  are  gratifying,  and  both  of 
which  are  necessary  in  the  future  if  the  Association  is  to  continue  to  enjoy  a  sound 
financial  condition. 

I  shall  not  attempt  to  detail  the  Receipts  and  Disbursements  during  the  year,  as 
they  are  all  set  forth  in  the  Financial  Statement  for  the  calendar  year  1960  which 
appears  in  the  March  Bulletin.  I  would  point  out  briefly,  however,  that  total  Receipts 
were  some  $700  higher  than  in  1959,  and  some  $2,100  higher  than  anticipated,  and 
that  total  Disbursements,  while  some  $3,700  higher  than  in  1959,  were  $4,327  lower 
than  anticipated — thanks  to  the  efficient  management  of  your  Association  and  to  certain 
contemplated   expenditures   which   did   not   materialize. 

The  Annual  Report  of  your  Treasurer,  the  Statement  of  Cash  Receipts  and  Ex- 
penditures for  1960,  and  the  General  Balance  Sheet  also  appear  in  the  March  Bulletin. 
Perhaps  a  few  words  regarding  the  General  Balance  Sheet  are  in  order.  It  indicates 
that  although  the  Association  incurred  a  deficit  in  1960  of  $2,839.50,  its  total  assets  at 
the  end  of  the  year  were  only  $1,557  lower  than  those  of  1959.  This  was  due  to  the 
reprinting  of  publications  in  1960,  only  some  of  which  were  sold  during  the  year,  the 
balance  being  carried,  at  cost,  in  the  inventory,  with  a  resultant  higher  publications  in- 
ventory in  1960.  The  sale  of  these  publications  in  1961  and  later  years  will,  of  course, 
add  to  the  cash  assets  of  the  Association.  Thus,  it  can  be  said,  I  am  sure,  that  the 
Association  ended   1960  in  a  sound  financial  condition. 

The  year  ahead  poses  new  and  difficult  financial  problems  for  the  Association,  pri- 
marily because  it  must  absorb  some  $5,000  in  expenses  previously  borne  by  the  AAR 
in  support  of  the  Association  as  its  Engineering  Division,  and  must  offset  the  with- 
drawal of  the  previous  support  received  from  the  AAR  for  the  printing  of  research 
reports  in  the  Bulletins.  Bold,  if  not  drastic,  measures  have  already  been  taken  by  the 
Board  of  Direction  to  meet  this  situation.  Others  may  have  to  be  taken,  not  only  to 
reduce  expenditures  but  to  augment  income.  But  this  difficult  situation  confronting  the 
Association  can  and  will  be  met  if  it  can  count  upon  the  continued  support  of  its  mem- 
bership in  every  way,  and  if  the  Association  is  given  the  confidence  and  support  of  the 
railroads,   to   which   it   is  entitled.    [Applause | 


Presiding  Brown:  Thank  you,  Mr.  Hillman.  Our  Association  is  indeed  fortunate 
thai  you  continue  as  its  treasurer,  and  I  want  you  to  know  that  your  further  services 
during  the  pasl   year  have  been  much  appreciated. 

It  is  regretted  that  mj  Association  year  shows  a  deficit,  even  it  due  to  recoverable 
expenditures;   but   it   is  gratifying  that   this  deficit   i-  only  a  small  part   of  what   was 

anticipated    when    I    took    over    last    March,    thanks    to    the   alertness    of    our    Board    and 

our  secretary's  office  to  effect  economies  and  hold  down  expenditures.  Our  anticipated 

balanced   budget    for   the  coming   year   i-   especially    noteworthy. 
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Thank    you   again,    Mr.    Hillman,   for  your  services  and  for  your   report. 
Gentlemen,   you    have   heard   the   reports   of   our  secretary   and  our  treasurer.   I   shall 
lie  glad   to  entertain  a  motion  that  these  reports  be  accepted. 

| Motion    was  made  and  seconded,  was  put  to  a   vote,  and   carried] 

Greetings  from  the  National  Railway  Appliances  Association 

President  Brown:  I  have  not  forgotten  that  I  skipped  over  one  of  the  guests  at 
our  speaker's  table  in  my  earlier  introductions,  so  I  want  to  present  him  to  you  now. 
I  refer  to  Kenneth  Cavins,  who  as  president  of  the  NRAA  is  largely  responsible  for 
the   wonderful  exhibit   that  supplements   our  convention   this  year. 

Gentlemen,  may  I  present  Mr.  Cavins.  We  will  be  pleased  to  have  him  say  a  few 
words  to  us.    [Applause] 

Kenneth  Cavins:  President  Brown,  past  presidents,  officers  and  directors,  members 
and  guests: 

It  is  my  privilege  to  extend  hearty  greetings  and  best  wishes  from  the  National 
Railway  Appliances  Association  to  all  of  you. 

This  is  probably  the  proper  place  and  the  correct  time  to  express  to  you  our  deep 
appreciation  for  your  moving  to  McCormick  Place.  We  hope  this  proves  most  satisfac- 
tory to  your  entire  membership. 

May  your  accomplishments  during  this  convention  far  exceed  your  expectations, 
and  the  results  of  the  hard  work  that  your  committees  and  Board  have  done  this  past 
year  be  most  gratifying. 

Your  maintenance  problems  are  not  abstract  nor  far  removed  from  the  supply 
industry;  in  fact,  providing  the  means  to  better  handle  those  jobs  is  our  livelihood,  and 
we  too  have  been  busy. 

We  have  assembled  the  greatest  display  of  work  equipment,  methods,  materials 
and  tools  ever  in  one  location  for  your  inspection,  just  one  floor  above  this  level.  We 
extend  you  a  most  cordial  invitation  to  visit  us  there  as  your  time  permits.  Naturally, 
this  invitation  includes  the  distaff  side  of  this  convention,  and  I  would  like  to  remind 
you  that  we  have  arranged  frequent  bus  service  from  the  Conrad  Hilton  Hotel  direct 
to  McCormick  Place.  We  urge  you  to  use  that  facility. 

Thank  you.   [Applause] 


President  Brown:  Thank  you,  Ken.  It  has  been  a  pleasure  to  work  with  you  and 
your  Association  during  the  past  year,  and  we  appreciate  the  outstanding  exhibit  that 
your  Association  has  produced  for  us,  and  the  convenient  bus  service  which  is  being 
provided  to  get  us  back  and  forth  from  the  Conrad  Hilton  Hotel. 

Thank  you  again,  Mr.  Cavins. 

Before  proceeding  with  the  remaining  features  on  our  program  this  morning,  T  want 
to  thank  all  those  who  have  honored  us  with  their  presence  at  our  speaker's  table,  and 
would  now  like  to  excuse  all  of  them,  except  Vice  Presidents  Beeder  and  Code.  I  am 
sure  you  gentlemen  will  enjoy  the  remainder  of  our  morning  program  equally  as  well 
in  the  audience,  and  you  may  even  find  that  more  comfortable. 

You  are  excused,  gentlemen. 

While  those  at  the  speaker's  table  are  retiring,  may  I  say  I  saw  Mr.  Hollar  here 
earlier.  Is  he  in  the  room?  He  is.  I  would  like  Mr.  Hollar,  Mr.  Buford  and  Mr.  Keller 
to  come  to  the  platform,  please. 
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As  you  may  have  noticed,  the  special  guests  whom  I  have  invited  to  our  speaker's 
table  are  all  officers  of  the  Association  of  American  Railroads,  whom  we  are  pleased  to 
honor,  and  whom  I  want  to  present  to  you. 

We  had  hoped  there  could  have  been  one  more — Mr.  Dan  Loomis,  president  of  the 
Association  of  American  Railroads — but  late  last  week  Mr.  Loomis  advised  us  that  the 
Presidential  Railroad  Commission  on  Work  Rules,  of  which  he  is  one  of  the  railroad 
members,  would  definitely  hold  hearings  on  March  6,  7  and  8,  making  it  absolutely 
impossible  for  him  to  attend  any  part  of  our  convention  as  he  would  have  liked  to 
have  done. 

Accordingly,  first  I  should  like  to  present  Mr.  Loomis'  righthand  man,  Mr.  P.  A. 
Hollar,  vice  president  and  assistant  to  president,  Association  of  American  Railroads, 
within  whose  departments  are  the  two  important  AAR  Committees  on  Grade  Crossings 
and  Waterway  Projects,  both  of  which  are  holding  meetings  here  during  our  convention. 
Mr.  Hollar,  will  you  stand,  please?  [Applause] 

Next,  with  no  special  comment  at  this  time,  may  I  present  Mr.  W.  M.  Keller,  vice 
president,  Research  Department,  Association  of  American  Railroads,  who  will  address 
us  later  in  our  morning  program.  Mr.  Keller.  [Applause] 

It  is  now  my  special  pleasure  to  present  the  last  of  our  special  guests  and  the  key- 
not  speaker  of  our  convention,  Mr.  C.  D.  Buford,  vice  president,  Operations  and  Main- 
tenance  Department,   Association   of   American   Railroads. 

Even  though  Mr.  Buford  has  held  his  present  position  only  since  August  10,  1959, 
he  is  no  stranger  to  most  of  us,  having  addressed  our  1960  convention,  and  having 
been  in  touch  with  the  officers  of  our  Association  repeatedly  during  the  past  year  in 
its  capacity  as  the  Construction  and  Maintenance  Section  of  his  Department  until 
December  31,  and  presently  the  Engineering  Division  of  his  Department. 

For  the  benefit  of  our  members  and  guests  who  may  not  be  as  well  acquainted 
with  Mr.  Buford,  I  would  like  to  comment  briefly  concerning  him.  He  is  an  engineer 
by  training  and  has  been  a  member  of  the  AREA  since  1955. 

He  was  graduated  from  Massachusetts  Institute  of  Technology  in  1942,  and  shortly 
thereafter  entered  the  Corps  of  Engineers,  U.  S.  Army,  as  second  lieutenant.  Within 
about  six  months'  time  he  became  connected  with  the  Military  Railway  Service,  with 
headquarters  at  St.  Paul,  Minn.  Following  that  he  served  in  various  military  railway 
units  in  the  United  States,  Alaska  and  Europe,  and  while  in  Europe  was  attached  to 
the  Second  Military  Railway  Service  Headquarters.  During  that  time  he  became  a 
captain,  and  was  advanced  to  the  grade  of  major  on  termination  of  his  military  service. 
Mr.  Buford  entered  civilian  railroad  service  in  1946  in  the  transportation  depart- 
ment of  the  Xew  York  Central  System.  In  that  department  he  held  successively  the 
positions  of  trainmaster,  assistant  superintendent  of  freight  transportation,  division  su- 
perintendent, and  then  assistant  general  manager  of  the  road's  Western  District  at 
Cleveland,  Ohio,  where  he  was  located  when  he  was  called  into  the  service  of  the  AAR. 
Vs  vice  president.  Operations  and  Maintenance  Department,  I  am  sure  you  know 
that  Mr.  Buford  heads  up  the  largest  single  department  in  the  AAR  a  position  of 
great  responsibility  at  any  time,  and  one  which  presented  many  special  problems  during 
the  past  year  to  bring  about  a  tighter,  more  efficient  organization. 

We  are  espe<  ialh    pleased   to  have   Mr.   Buford  as  our  keynote  speaker  again   this 
year,  and  I  want  to  present  him  to  you  now.  He  will  address  us  oh  the  subject,  "Engi 
neering   and    the    Railroads'    Future."    Mr     Buford     [Applause] 
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Engineering  and  the  Railroads'   Future 
By  C.  D.  Buford 

Vice   President,   Operations  and   Maintenance   Department 
Association   of   American    Railroads 

Thank  you  very  much,  Mr.  President.  Fellow  members  of  the  AREA  and  ladies: 
It  is  a  great  honor  and  I  much  appreciate  the  opportunity  to  participate  in  this  annual 
convention  and  to  share  with  you  my  thoughts  on  the  role  of  railroad  engineering  in 
improving  the  railroads'  competitive  capability.  That  role  is  well  documented  by  the 
wonderful  new  equipment  and  tools  to  provide  better,  more  dependable,  low-cost  main- 
tenance  of   railroad   right-of-way   and  structures   that  are  here  displayed. 

In  sounding  the  keynote  for  what  I  am  sure  will  be  a  most  productive  and  reward- 
ing convention,  it  is  fitting,  I  believe,  to  remind  you  of  our  nation's  fundamental  and 
continuing  need  for  railroads,  of  the  situation  that  exists  in  relation  to  this  need,  and 
of  some  of  the  apparent  trends  that  will  help  determine  the  kind  of  railroads  we  shall 
have  in  the  future.  After  that,  I  shall  touch  upon  some  of  the  basic  railroad  engineer- 
ing needs  as  I  see  them,  and  what  you,  as  engineers,  can  do  about  meeting  these  needs 
both   individually   and  through  the  AAR   Engineering  Division  and  AREA  committees. 

Most  of  you  are  doubtless  familiar  with  the  report  of  the  Doyle  Transportation 
Study  Group  submitted  in  January  to  the  Senate  Interstate  and  Foreign  Commerce 
Committee.  That  report,  which  well  summarizes  the  present  railroad  situation,  expressed 
serious  concern  for  the  downward  trend  in  railroad  business. 

The  Doyle  group  said  there  are  four  principal  causes  for  this  trend. 

First,  it  said  that  from  the  1920's  on,  railroads  lost  out  in  the  technology  race. 
Unburdened  by  major  fixed  investments  in  way  and  structures,  competing  modes  of 
transportation  were  able  to  introduce  dramatic  new  types  of  equipment  and  facilities, 
and  with  these  they  could  offer  services  and  price  combinations  that  in  many  areas 
railroads  were  unable  to  match. 

A  second  cause,  the  group  pointed  out,  is  that  major  users  of  raw  material  have 
tended  to  locate  along  the  principal  inland  waterways,  and  this  has  caused  the  railroads 
to  lose  much  heavy  commodity  traffic.  Further  losses  have  resulted  from  the  trend 
toward  smaller  inventories  in  manufacturing  and  merchandising — a  development  which 
has  benefited  truck  transportation. 

Third,  and  perhaps  most  significant  from  the  railroads'  standpoint,  is  the  phenom- 
enal growth  of  nonregulated  carriers,  both  private  and  for  hire.  On  inland  waterways 
nonregulated  carriers  handle  94  percent  of  the  total  freight  traffic,  and  on  highways 
68  percent. 

These  private  and  exempt  carriers  use  heavy  modern  equipment,  are  aided  by  pub- 
licly provided  highways  and  waterways,  and  often  operate  without  union  restraint  or 
payment  of  union  rates.  They  also  operate  freely  without  regulatory  restraint  as  to 
routes  or  rates;  in  fact,  the  Study  Group  noted  that  conditions  exist  which  permit 
private  and  exempt  motor  carriers  "often,  because  of  inadequate  enforcement,  to  carry 
commodities  not  exempt  by  law  at  rates  that  the  regulated  carriers  could  not  meet." 

The  fourth  factor,  the  report  said,  has  been  a  fantastic  investment  of  federal  funds 
in  highways,  airways,  rivers  and  harbors.  The  annual  magnitude  has  increased  each  year 
steadily,  and  in  1959  federal  spending  alone  reached  a  cumulative  total  of  more  than 
$22  billion. 

These  four  areas,  namely,  technological  change,  shifting  patterns  of  commerce, 
growth  of  unregulated  carriage,  and  increasing  public  investment  in  transportation  facil- 


Address    of    C.    P.    Buf  ord 753 

ities  are  considered   by   the   Doyle  group  as  the   fundamental   reasons   for   the   present 

plight  of  the  railroad  industry.  These  effects  are  evident  all  around  us. 

From  1955  to  1960  railroad  net  income  dropped  by  52  percent.  In  the  Pocahontas 
Region  the  decline  was  slight,  but  in  the  Southern  Region  net  was  off  47  percent,  in  the 
Western   District   34    percent,   and   in   the   Eastern   District   net   income   was   wiped  out. 

While  it  seems  to  be  public  policy  to  provide  and  maintain  other  transportation 
facilities  at  taxpayers'  expense,  it  also  seems  to  be  public  policy  to  discriminate,  through 
outdated  taxing  practices,  against  railroads  in  their  efforts  to  replace  and  improve  their 
own  privately  financed  plant  and  equipment.  Traffic  losses  have  idled  railroad  equip- 
ment and  facilities.  Pressure  of  mounting  costs  has  led  to  reduced  maintenance  expendi- 
tures, retirement  of  surplus  facilities  and  reduced  services,  especially  where  losses  are 
greatest,  as  in  unpatronized  passenger  train  service.  Impairment  of  the  credit  status  of 
many  roads  has  increased  the  cost  of  financing  new  plant  and  equipment. 

Railroad  economists  do  not  forecast  increased  traffic  until  the  third  or  fourth 
quarter  of  this  year.  Economists  in  the  new  Administration  have  indicated  that  we  are 
in  the  most  severe  economic  recession  since  the  great  depression,  although  recently  their 
comments  have  become  more  moderate.  None  of  these  forecasts  bodes  well  for  the 
short-run  financial  strength  of  railroads. 

Yet  the  need  for  healthy  railroads  is  greater  today  than  ever  before.  Railroads  are 
essential  to  national  survival.  By  comparison  with  highway  and  waterway  transporta- 
tion, railroads  are  the  best  prepared  and  the  most  capable  of  meeting  any  national  emer- 
gency; but  so  far  as  transportation  of  passengers  is  concerned,  they  are  not  as  well 
prepared  as  they  were  prior  to  World  War  II.  Severe  passenger  traffic  losses  and  the 
need  to  adjust  passenger  services  and  equipment  to  reduced  requirements  have  impaired 
the  railroads'  passenger-carrying  capability. 

Each  transportation  mode  possesses  certain  inherent  advantages  and  disadvantages. 
The  advantages  of  railroads  include  a  significantly  low  requirement  for  propulsive  effort 
in  relation  to  material  transported,  and  high  ratios  of  payload  per  carrying  unit.  It  is 
interesting  to  note  that  only  deepwater  ocean  vessels  produce  more  net  ton-miles  per 
transportation  unit  hour  than  do  railroads.  The  railroads'  passenger-carrying  capability 
is  relatively  greater  than  the  motor  bus  or  automobile,  in  large  measure,  and  railroads 
are  safer  and  more  dependable  than  any  other  form  of  transportation. 

One  of  your  members,  Professor  Bill  Hay,  gave  an  excellent  presentation  on  the 
engineering  characteristics  of  transportation  and  national  policy  at  a  recent  North- 
western University  conference.  Professor  Hay  named  many  other  advantages  of  rail- 
roads over  other  modes,  and  concluded  that  railroads  are  well  suited  for  the  movement 
of  all  kinds  of  freight,  but  are  best  suited  for  moving  bulk  commodities  and  shipments 
of  large  size  and  volume,  in  addition  to  having  important  advantages  in  the  movement 
of  small  shipments  in  consolidated  lots  bv  piggyback  containers  or  rail  van  service.  In 
passenger  service,  Professor  Hay  recommended  rail  travel  for  commuters  in  large  cities 
of  500,000  or  more  population,  and  overnight  and  short  distance  trips  as  being  the  most 
efficient. 

An  estimated  20  percent  of  our  gross  national  product  represents  the  cost  of  trans- 
porting goods  and  people,  including  automobile  transportation.  Both  the  short-term  and 
long-term  growth  of  our  economy  will  require  not  only  more  transportation  but  also 
more  efficient  use  of  our  transportation   resources. 

As  you  may  know,  I  was  privileged  to  accompany  the  American  railroad  delegation 
to   the  Soviet  Union  and   Europe  last  summer  to   inspect    railroad   operation-  and   fad! 
ities    and    management    practices.    We    talked    with    the    chief    administrative    officers    ol 
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European  railroads  and  with  the  management  group  of  the  Soviet  railways.  We  traveled 
on  freight  trains,  passenger  trains,  inspection  cars  and  rail  cars.  We  visited  shops,  head- 
quarters offices,   transportation   facilities,  yards  and  stations. 

In  Russia  it  was  apparent  that  the  Soviets,  after  careful  analysis  of  the  advantages 
and  costs  of  various  modes  of  transportation,  decided  to  foster  the  growth  of  railroads 
as  the  basic  transportation  network  of  the  Soviet  economy. 

Today  the  Soviets  are  spending  less  on  all  forms  of  transportation  than  we  are, 
but  they  are  getting  more  transportation  per  dollar  invested  because  they  were  devel- 
oping and  relying  more  on  rail  transportation. 

Europe  and  Japan,  with  whom  we  are  also  competing  for  markets  in  the  free 
world,  are  likewise  emphasizing  the  development  of  railroads.  Beside  making  more  inten- 
sive use  of  railroad  transportation  facilities,  they  have  the  advantage  of  work  rules 
practices  relating  to  the  manning  of  locomotives  and  the  manning  of  trains  that  require 
one-half  to  one-third  the  number  of  employees  per  train  required  in  the  United  States. 

To  summarize:  The  railroad  situation  in  the  United  States  is  serious  and  demands 
action,  largely  by  government;  but  there  is  also  need  for  innovation  and  improvement 
of  facilities,  of  transportation  concepts,  and  of  maintenance  methods  and  tools  to  reduce 
maintenance  and  operating  costs. 

From  the  standpoint  of  efficient  use  of  our  nation's  resources,  of  international  com- 
petition— yes,  even  from  the  standpoint  of  national  survival — nothing  less  than  a  max- 
imum effort  to  strengthen  and  improve  our  railroad  machine  will  suffice. 

Now  let  us  turn  to  railroad  engineering  needs — things  that  you  as  engineers  can 
do  to  help  reverse  the  downward  trend  in  railroad  traffic  and  restore  the  industry  to 
good  health. 

On  the  mechanical  front  we  need  improvements  in  both  diesel  and  electric  motive 
power.  Of  special  concern  to  you  is  the  need  for  new  concepts  in  the  design  and  con- 
struction of  electric  catenary  systems.  Europe  already  has  developed  radically  different 
catenary  designs  which  are  capable  of  higher  performance  and  which  require  much 
lower  capital  investment  than  the  most  recent  installations  in  the  United  States.  With 
intensification  of  rail  traffic  on  fewer  main  routes,  and  provision  of  catenaries  by  power 
distribution  companies  so  as  to  relieve  railroads  of  capital  costs,  a  breakthrough  in  this 
field  might  dramatically  change  railroad  operations  in  the  United  States. 

Automatic  train  operation  equipment  is  another  area  of  future  development.  It  cuts 
across  the  lines  of  mechanical,  engineering,  signal  and  communications  technology.  You 
are  aware,  of  course,  that  automated  trains,  using  conventional  components,  have  been 
proven  and  are  in  operation  on  an  experimental  basis. 

As  railroad  engineers  it  is  your  responsibility  to  keep  abreast  of  advancing  tech- 
nology in  these  fields  and  to  check  all  developments  for  possible  application  to  rail- 
roading. 

The  mechanical  technician,  of  course,  is  concerned  with  methods  of  overcoming 
transit  and  switching  shocks  to  lading  in  cars,  improvement  of  car  designs  to  facilitate 
loading  and  unloading,  and  to  reduce  costs  of  loading  and  unloading  and  development 
of  dependable  concepts  for  containerization. 

For  the  signal  and  communications  experts  on  your  staffs  there  are  new  technological 
advances  that  combine  to  make  this  field  perhaps  the  most  exciting  and  potentially  the 
most  rewarding  of  all.  They  include  microwave  communication,  radio  control,  data 
processing  procedures  and  equipment,  automatic  communications  systems,  traffic  con- 
trol systems,  and  associated  modern  signal  equipment  and,  of  course,  the  developments 
in  automatic  train  operation. 
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In  roadway  and  structures  engineering,  advances  have  been  most  dramatic  in  the 
wonderful  new  tools  and  equipment  for  roadway  maintenance  and  in  the  designs  of 
freight  classification  yards.  Hut  rewarding  opportunities  also  lie  ahead  in  the  mechanized 
handling  of  packaged  freight  and  in  the  design  and  installation  of  efficient,  low-cost,  low- 
man-hour  requirement  passenger  stations. 

Aggressive  programs  for  fitting  railroad  plant  to  current  and  prospective  traffic 
levels,  as  well  as  for  better  utlization  of  the  most  desirable  facilities,  are  activities 
especially  within  your  province.  New  thinking  on  better  utilization  of  railroad  property, 
benefits  to  be  had  from  yard  revision,  cooperative  planning  with  communities  to  soke 
transportation  problems — these  and  many  related  problems  require  your  best  ingenuity 
and  initiative. 

A  concept  urgently  in  need  of  careful  analysis  and  planning  is  the  integration  of 
truck  and  container  terminal  facilities  with  railroad  terminal  yard  facilities.  The  cost 
of  providing  switching  service  in  industrial  terminal  territories  is  extremely  high.  A 
possible  solution  is  to  develop  specialized  rail  cars  for  transferring  bulk  commodities  to 
dump  trucks,  just  as  containers  may  now  be  transferred  to  flat-bed  type  trucks.  The 
transfers  could  be  made  in  the  vicinity  of  primary  terminal  classification  yards  so  as  to 
obtain  quick  delivery  in  major  urban  areas.  The  result  should  be  faster  release  of  rail 
equipment  and  dramatic  improvements  in  equipment  utilization.  Here  is  a  fertile  field 
in   which   to  apply  your  aggressiveness  and  ingenuity. 

Your  Association  and  the  Engineering  Division  have  done  much  to  streamline  and 
modernize  standards  for  roadway  and  structures  maintenance  work,  but  there  is  need 
and  opportunity  for  further  rewarding  standardization  in  many  areas.  The  standards 
that  exist  must  have  general  acceptance  and  application,  at  least  within  the  regions,  if 
the  full  benefits  of  standardization  are  to  be  attained. 

Take  mechanized  work  equipment:  There  has  been  an  explosion  in  the  design 
concept  of  roadway  machinery  and  diversified  manufacture  of  machinery.  There  has 
been  produced  efficient  roadway  maintenance  of  the  highest  degree  in  the  world,  in  the 
United  States,  related  both  to  costs  and  to  the  use  of  people  and  the  rate  of  production 
in  terms  of  time;  but  we  now  have  many  different  types  of  equipment,  parts  of  which 
are  not  compatible  with  other  parts. 

European  railroads  faced  a  similar  problem  in  motive  power.  Each  country  had 
manufacturing  plants  producing  types  of  motive  power  for  sale  and  distribution  within 
its  own  country.  The  Organization  for  Research  and  Experiment,  which  is  the  research 
branch  of  the  International  Union  of  Railroads,  recently  undertook,  through  committee 
assignments  and  in  cooperation  with  the  manufacturers,  to  standardize  specifications  for 
size  and  shape  and  connections  of  engine  components.  Standards  were  sought  in  deter 
mining  a  single  direction  for  motor  rotation,  the  numbering  of  cylinders,  general  rules 
for  interchangeability  of  motors,  motor  rotation  speeds,  interchangeability  of  cylinders 
for  flexible  pipe-,  and  other  details.  As  a  result,  several  manufacturers  may  now  compete 
on  design  and  production  of  many  component  parts  to  meet  internationally  standard 
specifications. 

I  suggest  that  now  is  the  time  for  a  similar  and  serious  cooperative  approach  for 
standardizing  mechanized  work  equipment  and  roadway  structures  and  buildings  in  this 
country. 

The  standardization  we  need  will  not  come  overnight;  but  come  it  must,  and  soon, 
for  economies  in  maintenance,  inventory  and  utilization  of  equipment  that  would  flow- 
from  standardization  are  vital  to  improving  the  competitive  capability  of  our  industry, 
Failure  to  take  advantage  of  these  economies  is  a  luxury  we  can  no  longer  afford. 
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Your  engineering  ingenuity  may  also  find  fruitful  expression  in  the  automation  of 
warehousing,  package  handling  and  sorting.  Automated  operations  of  this  character  now 
exist  in  the  military  establishment  and  in  the  automobile  industry.  Railroads  have  made 
a  start  in  the  automated  handling  of  mail  and  parcel  post.  Extension  to  other  traffic 
could  result  in  savings  that  would  enable  railroads  to  be  in  a  better  position  to  regain 
package  business  which  they  have  lost. 

How  can  you  as  railroad  engineers  contribute  effectively  to  solving  these  engineering 
needs?  You  can  participate  actively  in  the  cooperative  work  of  the  Engineering  Division 
and  AREA  committees.  Many  of  you  already  are  performing  yeoman  service  in  this 
field. 

You  can  keep  abreast  of  current  technology  of  all  kinds,  especially  in  the  United 
States  and  Canada.  Some  of  the  world's  foremost  innovations  and  advances  in  tech- 
nology are  here  and  are  written  about  and  are  available  for  us  to  study  and  adapt  to 
railroad  operation. 

You  can  help  to  develop  better  methods  of  ascertaining  and  proving  economic  jus- 
tification for  improvement  projects.  Different  methods  are  used  by  different  railroads. 
One  of  the  failures  of  technical  people,  it  seems  to  me,  has  been  in  effectively  com- 
municating to  management  the  real  benefits  and  economic  justification  of  proposed 
projects. 

Work  more  aggressively  to  standardize  known  equipment,  procedures  and  com- 
ponents, and  to  develop  the  economic  proof  for  justification  of  standardization — and 
then  work  even  harder  to  apply  it. 

Set  up  requisites  for  both  the  short-  and  long-run  future  in  roadway  track  and 
structures,  maintenance  and  construction.  This  involves  identifying  the  problems  and 
outlining  desired  solutions  so  that  the  great  abilities  of  the  technological  innovators  in 
the  supply  industry  and  the  railroads'  own  engineering  and  research  staffs  can  progress 
work  on  new  and  better  tools. 

Work  to  develop  more  standards  and  standard  components  for  both  track  and 
structures  and  for  mechanical  work  equipment. 

Exchange  ideas  on  engineering  practices  and  problems  in  local  engineering  society 
meetings  and  otherwise. 

Identify  and  call  to  the  attention  of  others  the  many  articles  and  publications  of 
interest,  both  American  and  foreign,  that  deal  with  your  sphere  of  interest.  Translations 
of  important  foreign  articles  can  often  be  made  by  competent  foreign  linguists  within 
our  own  ranks. 

Became  familiar  with  committee  reports  and  studies  on  new  research  developments 
in  Western  Europe.  These  reports  are  now  being  made  available  to  AAR  committees 
and  to  the  Research  Center  by  the  International  Union  of  Railroads  and  its  organization 
for  research  and  experiment  following  arrangements  which  Mr.  Keller  and  I  made  in 
Europe  last  summer. 

In  conclusion,  may  I  remind  you  that  AREA  and  AAR  committee  reports,  research 
activities  and  standards,  have  international  stature.  They  will  remain  significant  world 
standards  only  if  we  revitalize  our  efforts  to  keep  American  technology  in  the  forefront 
of  world  progress. 

The  railroads'  traffic  decline  must  not  be  allowed  to  continue.  In  addition  to  the 
need  for  government  action,  reversing  the  downward  trend  requires  the  wider  applica- 
tion of  existing  known  technology  to  railroad  operations  and  an  unrelenting  quest  for 
new  methods,  new  devices  and  new  technology.  This  is  the  great  mission  of  railroad 
engineers — your  challenge  and  responsibility,  and  your  opportunity. 
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I  join  with  you  in  looking  forward  to  progress  reports  in  these  matters  to  be  pre- 
sented at  this  convention.  I  congratulate  your  Board  of  Direction  and  staff  for  the 
constructive  cooperation  that  they  have  provided  in  reorganization  activity  this  past 
year.  I  wish  you  a  most  successful  meeting  this  week,  one  that  inspires  in  each  of  you 
renewed  enthusiasm  and  new  ideas  to  foster  new  strength  and  aggressiveness  and 
improve  the  competitive  capability  of  our  railroad  system. 

Thank  you  very  much.   [The  audience  arose  and  applauded.] 


President  Brown:  Thank  you,  Mr.  Buford,  for  those  most  inspiring  remarks. 
You  may  be  assured  of  the  alertness  of  the  Engineering  Division  to  the  many  points 
you  have  brought  before  us  this  morning,  and  we  are  pledged  to  do  something  about 
them. 

I  have  already  presented  to  you  our  next  speaker,  but  I  now  want  to  introduce 
him  for  his  part  in  our  program.  I  refer  to  Mr.  William  M.  Keller,  vice  president, 
Research  Department,  Association  of  American  Railroads. 

Mr.  Keller  is  no  stranger  to  us,  having  been  on  our  convention  program  in  1958 
and  having  joined  with  us  in  various  activities  of  our  convention  features  since — not  to 
mention  his  cooperation  with  many  of  us  in  carrying  forward  the  research  work  of  our 
committees.  However,  for  the  benefit  of  those  of  you  who  may  not  know  Mr.  Keller 
as  well  as  some  of  us  do,  I  would  like  to  tell  you  briefly  about  him. 

Following  graduation  from  Pennsylvania  State  College  with  an  M.E.  degree,  he 
became  connected  with  the  Pennsylvania  Railroad,  where  he  first  served  in  various 
capacities  in  its  test  and  mechanical  departments.  This  led  to  his  being  appointed  fore- 
man in  charge  of  special  work  in  1941,  to  general  foreman  in  charge  of  freight  and 
passenger  car  design  in  1943,  and  to  his  promotion  to  assistant  mechanical  engineer  in 
charge  of  research  in   1945. 

He  left  the  Pennsylvania  in  1952  to  become  director  of  mechanical  research  of  the 
Association  of  American  Railroads,  and  in  1955  he  assumed  the  additional  title  of  execu- 
tive vice  chairman  of  the  Mechanical  Division.  In  January  1957  his  responsibilities  were 
further  enlarged  by  his  appointment  as  assistant  vice  president,  Operations  and  Main- 
tenance Department,  making  him  a  "moonlighter"  of  the  third  degree  at  the  time  of  his 
election  as  vice  president — research  on  January  1,  1958. 

Through  his  background  and  his  present  job,  Mr.  Keller  knows  all  about  railroad 
research  at  home;  and  especially  as  a  result  of  his  participation  in  the  eight-man 
American  railroad  mission  to  Russia  and  Western  European  countries  last  summer  to 
study  foreign  railroading  and  railroad  research,  he  should  be  pretty  well  informed  on 
research  abroad.  This  makes  it  particularly  appropriate  that  he  should  address  us  on 
"Research — Here  and  Abroad",  which  I  shall  now  ask  him  to  do.  Mr.  Keller.   [Applause] 

Research — Here  and  Abroad 

By   W.   M.   Keller 
Vice    President — Research    Department,    Association    of    American    Railroads 
Mr.  President,  officers,   members  and   guests: 

1  was  impressed  by  the  minutes  of  the  AREA.  It  makes  one  a  little  nervous  when 
he  talks  to  an  organization's  membership  that  can  write  up  320  pages  of  minutes. 
[Laughter] 

I  am  also  a  little  bit  at  a  loss  t<>  try  to  give  you  words  <>t  wisdom  and  knowledge, 
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because  when  I  know  so  many  of  you  competent  chief  engineers  are  in  the  audience 
lacing  me  it  almost  strikes  me  inarticulate;  but  of  course  a  speaker  can't  be  inarticulate, 
otherwise  he  has  no  business  being  back  of  the  lectern. 

The  subject  this  morning,  "Research — Here  and  Abroad",  could  do  well  with  some 
introductory  remarks. 

When  we  were  in  Russia  we  shook  hands  with  some  of  the  people  in  the  small 
towns,  and  one  of  them  said  to  us,  "Come  back  when  you  have  calluses  on  your  hands." 
I  rejoice  in  the  fact  that  the  work  of  the  chief  engineers  of  this  country  has  eliminated 
a  lot  of  back-breaking  work  in  the  building  and  maintaining  of  American  railroads,  and 
I  would  say  that  if  the  chief  engineer  and  staff  have  calluses  they  are  usually  on  their 
feet,  because  I  don't  believe  anybdoy  in  the  railroad  industry  does  more  walking  than 
the  chief  engineers. 

So,  if  by  Russian  standards  you  care  to  make  the  grade,  I  think  you  could  take  off 
your  shoes  and  show  them  the  calluses  on  your  feet.  Maybe  there  is  a  hint  of  that  idea 
in  what  Khruschev  does  when  he  takes  off  his  sandal  to  beat  the  desk.  He  may  only 
be  showing  his  calluses.  [Laughter] 

We  have  talked  about  our  trip  a  good  bit,  and  of  course  Mr.  Buford  was  the  head 
of  our  delegation;  but  in  passing  around  bouquets  to  the  various  people  in  the  AREA, 
mention  was  made  of  the  diligent  work  of  Neal  Howard,  to  which  I  can  say  "Amen!" 
with  perfect  sincerity. 

I  also  want  to  mention  that  we  have  a  man  in  G.  M.  Magee,  at  the  Research 
Laboratory,  who  is  at  bat  all  the  time.  If  he  doesn't  knock  out  a  home  run  he  tries 
to  get  on  first  base,  and  he  usually  does.  Also,  some  of  the  members  of  AREA  are  a 
great  help  to  us  in  the  work  they  do  on  committees.  We  have  Charlie  Code,  and  Ray 
McBrian  on  our  Research  Consulting  Committee,  and  also  Jack  Trissal.  So,  there  is  a 
lot  of  help  and  a  lot  of  common  exchange  of  ideas,  and  a  lot  of  cooperation. 

Talking  about  Europe,  I  am  reminded  of  the  story  told  about  a  minister.  The 
congregation  spent  the  first  three  months  of  the  year  getting  together  enough  money  to 
send  him  abroad.  After  he  came  back  and  talked  about  it  all  the  time,  they  spent  the 
last  part  of  the  year  regretting  it.  I  hope  these  remarks  will  be  of  sufficient  interest  that 
no  one  will  regret  we  made  the  trip. 

In  Russia  we  were  impressed  more  by  the  extent  and  volume  of  their  activity  than 
we  were  with  the  quality  of  the  work  produced.  This  is  not  intended  to  convey  the 
idea  that  some  worthwhile  developments  are  not  proceeding  from  this  effort,  but 
merely  to  point  out  that  we  cannot  gage  the  research  activities  of  any  program  purely 
on  the  basis  of  the  dollars  spent  nor  the  man-hours  used  in  its  execution.  There  are  13 
railroad  institutes  in  Russia.  These  institutes  train  engineers  and  scientists  for  work  on 
the  railroads.  Our  delegation  to  Russia  has  been  called  upon  by  many  interested  groups 
to  present  talks  and  perhaps  some  of  you  have  heard  these  talks,  so  that  by  this  time 
you  may  know  that  there  are  approximately  75,000  route  miles  of  track  in  the  entire 
Russian  system  compared  with  the  American  route  mile  trackage  of  217,000. 

Since  Russia  has  decided,  and  I  think  without  doubt  rightfully  so,  that  railroad 
transportation  is  the  most  efficient  mode,  it  is  understandable  that  their  effort  in  this 
field  must  be  extensive  in  order  to  cope  with  the  problems  that  are  presented  in  handling 
more  passengers  and  freight  by  a  high  percentage  on  a  rail  system  of  roughly  one-third 
the  mileage  of  that  of  the  United  States. 

I  would  like  to  describe  briefly  one  of  their  institutes.  The  system  of  institutes 
antedates  the  so-called  "October"  Revolution  in  1917  and  was  used  by  the  Tsarist  gov- 
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ernment.  However,  the  system  has  been  expanded  and  amplified  so  that  more  research 
and  education  is  taking  place  in  the  Russian  system.  These  institutes  are  the  equivalent 
of  our  engineering  colleges  and  institutes  except  that  they  specialize  in  railroad-related 
subjects  in  their  teaching  programs.  The  institute  at  Kharkov  has  an  extensive  plant. 
There  are  over  50  different  laboratories  at  the  Kharkov  institute.  Laboratories  include 
those  for  diesel  engines,  thermodynamics,  hydraulics,  structures  and  other  similar  work 
in  the  major  disciplines.  There  are  also  laboratory  facilities  for  the  testing  of  signals, 
operation  of  electronic  devices,  materials,  measurement  laboratories,  automation,  etc. 
We  were  told  that  5  million  rubles  have  been  appropriated  to  expand  the  Kharkov  in- 
stitute laboratories  in  1960. 

Much  laboratory  work  is  done  in  cooperation  with  other  industry  in  the  Soviet 
Union  and  at  the  request  of  the  railroad  ministry.  There  is  a  new  laboratory  on  tele- 
mechanics and  operation.  The  students  at  Kharkov  cooperated  with  the  locomotive  plant 
in  building  a  full-scale  laboratory  diesel  locomotive.  However,  it  was  evident  from  the 
location  of  the  locomotive  and  the  instruments  attached  to  it,  as  well  as  the  surround- 
ing building  appointments,  that  this  locomotive  was  not  undergoing  experimental  tests 
or  evaluations.  It  appeared  very  much  as  a  laboratory  display  piece,  and  while  there 
was  a  drop  pit  under  the  locomotive  power  truck  to  permit  removal  of  wheels,  the  loca- 
tion in  the  laboratory  and  surroundings  of  the  locomotive  were  not  of  the  type  required 
for  any  extensive  research  work.  On  the  other  hand,  there  was  a  laboratory  in  which 
an  engine  was  in  experimental  operation  and  was  suitably  instrumented  to  determine 
its  characteristics,  and  any  design  changes  that  might  be  applied  experimentally. 

During  our  stay  in  the  USSR,  we  visited  two  technical  institutes,  one  in  Moscow 
and  the  one  in  Kharkov  that  I  briefly  described.  These  schools  come  under  the  category 
of  VUZ — which  is  an  abbreviation  of  Institutes  of  Higher  Education.  There  are  several 
other  types  of  schools  which  exist  but  which  our  delegation  did  not  visit.  One  of  these 
types  of  school  is  equivalent  to  grade  and  high  schools  and  the  other  type,  called 
Technikums,  teach  trades,  manual  arts  and  the  like.  The  Technikum  is  the  school 
where  job  training  is  provided.  For  example,  an  assistant  engine  driver  will  go  to  a 
Technikum  for  the  theoretical  part  of  his  studies  which  will  lead  to  his  promotion  as 
engine  driver,  which  position  in  Russia  is  known  as  machinist.  Perhaps  this  term  for  a 
locomotive  engineer  is  suitably  appropriate  since  they  spend  some  time  in  the  locomo- 
tive shop  to   familiarize  themselves  with  locomotive  construction  details. 

I  would  like  to  quote  from  a  talk  by  Dr.  Rettaliata,  president  of  the  Illinois  Insti- 
tute  of  Technology,  which  he  gave  to  the  Commercial  Club  in  Chicago  on  April  20, 
1960.  In  this  talk  on  Russian  education,   Dr.  Rettaliata  said: 

"It  is  of  interest  to  examine  the  structure  of  the  Soviet  educational  system.  Pri- 
mary and  secondary  education  is  handled  in  the  10-year  school,  as  contrasted  with  our 
8-year  elementary  and  4-year  high  school.  Higher  education  in  the  USSR  consists  of 
5-  or  6-year  programs  beyond  the  10 -year  school.  These  programs,  however,  include 
professional  work  in  medicine,  law  and  other  areas  normally  at  the  graduate  level.  Thus 
the  USSR  formal  instruction  period  of  IS  to  16  years  would  compare  with  our  I'.  I" 
20-year  span." 

So  far  as  I  am  aware,  the  idea  of  night-school  training  originated  in  the  United 
States.  Now,  however,  night-school  training  is  relativelj  common  in  Ku^i;i  Night  school 
courses  are  provided  in  Russia  for  those  persons  who  wish  to  obtain  a  professional 
degree  while  continuing  work  during  the  normal  day  work  schedules,  There  .He  also  i 
number  of  graduate  schools  in  most  of  the  Institutes, 

To  again  quote  Dr.  Rettaliata : 
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"An  elaborate  physical  plant  is  provide  for  higher  education  in  the  USSR.  In  less 
than  a  decade  over  $200  million  have  been  spent  on  the  University  of  Moscow.  The 
commanding  site  where  it  is  located  in  the  capitol  city  gives  further  evidence  of  the 
importance  attached  to  higher  education  by  the  Soviet  Union.  Relatively,  the  govern- 
ment is  spending  much  more  on  facilities  for  education  than  for  housing;  another 
example   of   personal  living  standards   being  secondary   to   public  needs." 

Education  is  held  in  the  highest  esteem  in  Russia,  and  for  those  engaged  in  science, 
research  and  teaching  there  are  many  special  considerations.  Every  faculty  member  is 
most  highly  regarded  in  the  community.  Teachers'  salaries  are  high  and  in  addition, 
they  receive  extra  compensation  for  the  publication  of  books  and  articles.  Favorable 
housing,  automobiles,  preference  at  theatre  and  athletic  events,  as  well  as  a  small  place 
outside  the  city  to  get  away  from  it  all,  are  additional  inducements. 

In  all  of  this  activity  there  remains  something  amiss.  I  can't  define  it  exactly.  It 
seems  that  such  a  training  program  should  produce  supporting  evidence  of  its  worth 
in  the  form  of  superior  railroad  equipment.  I  looked  for  it  but  couldn't  find  it. 

The  railroad  industry  in  Russia  is  a  prestige  group.  Since  they  have  no  great  inter- 
city highway  system  and  few  people  have  automobiles,  the  railroad  station  is  still  the 
center  of  the  town.  Railroad  workers  are  one  of  the  highest  paid  groups  in  the  USSR. 
There  is  no  great  amount  of  air  travel.  Pipelines,  while  being  extended,  are  not  plentiful. 
Waterways  are  of  relatively  minor  importance.  The  railroads,  therefore,  are  the  back- 
bone of  Soviet  transportation,  and  yet  with  this  advantageous  position,  they  are  still 
far  behind  the  United  States  in  their  progress.  Of  course,  they  have  made  progress  in 
the  last  20  years.  But  while  the  progress  made  is,  generally  speaking,  in  the  right  direc- 
tion, it  is  not  at  the  pace  of  the  American  Railroads. 

In  Europe  we  thought  the  quality  of  the  research  work  was  excellent.  The  facilities 
were  better  than  adequate,  and  they  have  a  central  organization  called  the  Office  for 
Research  and  Experiments.  This  organization  functions  in  a  manner  somewhat  like  the 
AAR  except  it  does  not  actually  conduct  research.  It  acts  as  a  coordinator  and  dis- 
tributor of  projects.  It  also  circulates  reports.  This  organization's  name  is  abbreviated  to 
ORE,  by  which  letters  it  is  well  known  in  Europe.  The  ORE  collects  funds  for  research 
and  pays  individual  railroads  to  conduct  the  tests. 

In  Europe  there  is  also  the  counterpart  of  our  railway  supply  industry,  and  the 
locomotive  and  car  builders  do  extensive  work  on  designs  and  research.  Mr.  Magee,  our 
director  of  engineering  research,  once  described  what  we  do  in  the  AAR  Research 
Department  in  these  words:  "Research  is  the  development  of  new  ideas  and  testing  is 
what  decides  whether  or  not  the  new  ideas  are  any  good."  We  found  this  concept 
actively  followed  in  Europe. 

Now  in  order  to  make  a  few  comparisons  of  the  various  programs,  I  will  discuss 
what  we  are  doing  in  the  AAR  Research  Department  and  then  make  brief  comments 
on  a  comparison  of  this  activity  in  Russia  and  Europe. 

In  this  country  we  have  made  progress  in  non-destructive  testing  and  the  mainte- 
nance of  both  track  and  equipment  by  means  of  technical  analysis.  When  I  say  tech- 
nical analysis,  I  mean  the  use,  for  example,  of  a  detector  car  which  by  either  sonic  or 
electrical  current  means  we  are  able  to  locate  hidden  defects  such  as  transverse  fissures, 
detail  fractures  from  head  checks,  shelling,  engine  burns,  vertical  split  heads,  and  various 
other  types  of  metallurgical  defects.  In  the  mechanical  field,  a  number  of  railroads  used 
a  spectrograph  to  determine,  by  analyzing  the  chemistry  of  the  lubricating  oil  in  the 
engine,  if  defects  are  present  or  if  the  lubricating  oil  has  deteriorated  to  a  point  where 
the  life  of  the  engine  is  in  danger.  We  use  magnetic  particle  testing  to  discover  defects 
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that  are  of  such  microscopic  minuteness  as  to  escape  visual  detection.  Recently  we  have 
been  exploring  a  little  more  thoroughly  the  field  of  ultrasonic  transmission  of  sound 
through  axles  and  rails,  and  to  some  extent  wheels,  to  locate  defects  in  the  material. 
The  use  of  ultrasonics  up  to  now  has  been  to  send  a  sound  wave  through  good  metal 
and  if  the  sound  wave  encounters  no  defects  or  separations,  it  strikes  the  opposite  end 
of  the  piece,  returns  as  an  echo  where  it  is  picked  up  by  a  crystal  and  transformed 
into  a  curve.  This  curve  indicates  the  path  of  the  sound  and  the  reflection.  However, 
if  there  is  a  defect  between  the  application  surface  of  the  crystal  and  the  reflecting  end, 
it  shows  up  on  the  scope  tube  as  a  pip  between  the  input  and  reflected  end  of  the  wave. 
All  of  this  procedure  has  been  effective  in  determining  the  defects  which  heretofore 
remained  in  service  until  they  became  so  large  as  to  be  detected  or  resulted  in  a  break 
or  failure  of  the  part. 

It  occurred  to  us  that  for  many  years  the  trained  mechanic  was  able  to  listen  to  the 
ring  of  a  steel  wheel  and  get  some  idea  as  to  whether  there  was  a  serious  crack  by  the 
tone  of  the  ring  produced  when  the  wheel  was  struck  with  a  hammer.  Also  a  good  auto- 
mobile mechanic  could  make  a  reasonable  diagnosis  of  engine  defects  on  the  sounds 
emitted  by  the  engine  while  it  was  running.  If  there  was  a  certain  type  of  click  that  was 
geared  to  the  engine  speed,  the  mechanic  could  decide  that  a  bearing  had  excessive  clear- 
ance or  was  burning  out.  Piston  slap  and  fuel  knocks  were  also  detectable  merely  by 
listening  to  the  operation  of  the  engine  without  any  auditory  aids.  It  has  occurred  to  us 
at  the  Research  Center  that  the  incipience  of  some  of  these  defects  could  be  detected  in 
the  earliest  stages  if  we  used  sound,  but  analyzed  the  waves  with  a  scope  tube  and  suit- 
able amplification  facilities  rather  than  depending  upon  the  human  ear  to  do  the  job. 
We  have  now  started  a  project  with  Stanford  Research  Institute  which  we  expect  will 
point  the  way  to  any  possibilities  in  this  field.  Our  detector  car  development  will  be 
discussed  later. 

We  know  of  no  precisely  comparable  activity  in  sound  wave  defect  detection  in 
Russia  or  Europe.  In  Russia  we  saw  and  inspected  what  they  call  a  defectoscope  car. 
This  is  a  car  which  by  an  electrical  circuit  picks  up  current  disturbances  caused  by 
defects.  The  principal  advantage  of  this  car  was  that  it  could  be  operated  faster  than 
our  cars.  It  was  claimed  that  this  car  could  be  operated  at  speeds  up  to  about  35  mph 
and  provide  good  indications  of  defects.  With  the  limited  data  we  obtained,  we  hope 
to  make  some  studies  of  its  possibilities.  In  Germany  there  has  been  study  of  ultra- 
sonics and  the  development  of  a  device.  None  of  this  activity  is  in  the  area  of  our  new 
project  with  Stanford. 

In  our  1961  research  program  for  track  and  structures  we  have  several  interesting 
and  imaginative  types  of  projects  proposed.  Although  we  have  done  considerable  work 
in  studying  control  of  brush  and  weeds  with  chemicals,  we  intend  to  explore  possibilities 
of  other  destructive  means  that  might  be  utilized.  We  do  not  know  now  what  these 
means  are  or  we  would,  of  course,  not  have  a  research  project,  but  the  type  of  destruc- 
tion we  are  contemplating  might  include  ultrasonic  vibration,  high-intensity  heal  rays, 
radiation  energy,  or  perhaps  even  some  type  of  power  driven  contacting  rollers  that 
would  literally  pull  weeds  and  brush  out  by  their  roots.  In  Russia  this  control  is  accom- 
plished by  tethering  cattle  along  the  track  or  cutting  the  growth  with  sickles  ami  using 
it  for  cattle  feed.  In  Europe  we  did  not  obtain  much  data  on  this  item. 

We  propose  to  continue  our  development  work  on  prestressed  concrete  ties.  We  are 
concentrating  particularly  on  improvement  in  the  fastening  means,  studying  tin-  possible 

use   of   epoxies    to    provide  a   simpler  and   more  easily   insulated    fastening.    In    tot.   some 
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thought  is  being  given  to  elimination  of  tie  plates,  particularly  for  yard  use,  using  an 
epoxy  to  glue  panels  of  concrete  ties  together.  These  panels  would  then  be  laid  in  track 
as  is  the  practice  in  Europe,  and  jointed  with  bolted  joints  or  field  welds.  Russia  is 
using  concrete  ties  in  quantity,  but  we  felt  the  life  of  the  ties  we  saw  would  not  be  as 
long  as  it  should  be,  or  as  good  as  the  U.  S.  ties. 

We  propose  to  put  our  rail  failure  statistics  analysis  on  a  computer  basis  this  year, 
which  will  enable  us  to  make  a  more  complete  analysis  of  failures  with  respect  to  rail 
sizes  and  cross  sectional  designs  than  we  have  been  able  to  do  in  the  past. 

We  are  continuing  work  in  an  effort  to  improve  the  construction  of  insulated  rail 
joints  because  the  need  for  a  better  joint  of  this  type  is  emphasized  by  the  increasing 
use  of  continuous  welded  rail. 

We  are  working  with  some  manufacturers  of  new  types  of  plastic  materials  to  see 
whether  the  full  joint  bar  can  be  made  from  these  materials  which  are  not  conductors 
of  electricity  and  would  therefore  simplify  the  insulation  problem. 

In  our  study  of  tie  plates  cutting  into  ties  we  have  been  impressed  by  the  effect 
of  the  water  accumulating  in  the  worn  pocket  in  the  tie  in  softening  tie  fibers  and 
accelerating  the  rate  of  wear.  We  are  contemplating  some  studies  with  laminated  hard- 
wood pads  glued  to  the  top  of  wood  ties  before  they  are  treated.  These  pads  would  be 
the  same  size  of  the  tie  plate  and  would  thus  insure  drainage  of  the  water  from  under 
the  plate  until  the  pad  was  worn  away.  We  are  at  the  present  time  conducting  studies 
in  our  tie  wear  machine  at  the  Research  Center  with  tie  plates  glued  to  the  ties  with 
epoxy  resins. 

Another  interesting  project  we  have  under  way  in  collaboration  with  the  Burlington 

Railroad  is  the  use  of  epoxy  resins  or  epoxy  cement  to  repair  the  deteriorated  surface 

of  a  concrete  washing  platform  for  passenger  cars,  which  deterioration  is  the  result  of 

attack  from  the  oxylic  acid  used  as  a  cleansing  agent  in  the  washing  water. 

In  all  these  projects  we  feel  we  are  ahead  of  Russia  and  Europe. 

We   hope   to   be   able   to   make   some   field   tests   this  year  with   piggyback   cars   to 

determine  their  clearance  requirements  because  of  the  increasing  importance  of  this  type 

of  traffic.  Piggyback  as  we  know  it  is  not  used  in  Russia  and  only  slightly  in  Europe. 

We  have   been  very  pleased  with   the  rate  of  development  and  progress  that  has 

been  made  with  our  road-rail  detector  type  units,  and  feel  that  this  type  of  detector  car 

is  going  to  afford  a  better  and  more  economical  method  of  testing  rail  for  defects  than 

was  obtained  with  our  all-rail  type  cars.  If  we  can,  we  would  like  to  get  started  on 

our  research  work  on  a  supersonic  unit  for  continuous  testing  of  the  rail  for  web  defects, 

but  with  our  reduced  budget  and  staff,  it  seems  unlikely  that  much  can  be  accomplished 

on   this  during   1961,  important  as  it  is. 

We  also  hope  to  make  some  substantial  progress  on  developing  a  means  of  testing 
timbers  in  trestles  for  decay  and  soundness  either  by  the  use  of  ultrasonic  or  gamma 
ray  back-scatter  techniques. 

Thus,  it  is  evident  that  we  have  a  challenging  year  ahead  of  us,  but  with  adverse 
working  conditions.  However,  these  conditions  are  with  us  and  we  do  not  propose  to 
be  discouraged  by  them.  We  are  trying  to  introduce  new  plans  to  offset  to  some  extent 
our  limited  resources  for  railroad  research. 

When  in  Europe  we  arranged  to  have  a  more  detailed  laison  with  ORE.  While 
we  have  had  the  broad  general  description  of  European  research  sent  to  us  for  years, 
we  did  not  get  the  specifically  detailed  reports  that  are  necessary  to  determine  how 
the  study  may  be  put  into  use  on  our  railroads.  We  now  expect  to  get  the  detailed 
reports  on  those  particular  projects  in  which  we  have  an  interest. 
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We  arc  keeping  in  closer  touch  with  the-  other  research  laboratories  in  this  countrj 
insofar  as  their  projects  may  be  helpful  to  us.  In  this  connection,  we  are  following  the 
progress  of  energy  converters  such  as  fuel  cells,  thermionics,  magnetohydrodynamics  and 
fusion.  When  there  is  a  major  breakthrough  in  any  of  these  areas,  we  will  be  in  position 
to  do  the  necessary  applied  research  to  put  it  to  work  on  the  American  railroads. 

We  are  still  ahead  in  the  United  States.  But,  if  we  are  to  stay  ahead  we  are  going 
to  require  greater  research  effort.  Russia  and  Europe  are  putting  forth  a  great  effort  in 
research.  We  cannot  long  stand  by  if  we  are  to  keep  ahead.  Perhaps  the  modification 
of  our  outmoded  work  rules  will  be  the  means  of  giving  us  new  vigor  in  this  industry. 
I  think  it  is  obvious  that  we  cannot  progress  with  these  burdensome  rules  that  accom- 
plish no  purpose  other  than  to  stagnate.   [Applause] 

[Mr.  Keller  then  presented  a  number  of  slides  taken  during  his  trip  to  Europe  and 
Russia.l 


Prf.sidknt  Brown:  Thank  you,  Mr.  Keller,  for  your  illustrated  talk.  We  in  the 
AREA  are  very  research  and  test  minded,  as  I  am  sure  you  know  from  the  sizable 
budgets  presented  to  you  by  our  various  committees  each  year.  That  it  has  been  neces- 
sary to  trim  these  budgets  back  has  been  a  matter  of  great  disappointment  to  our 
committee,  as  we  know  it  has  been  to  you. 

We  appreciate  your  sympathetic  and  cooperative  interest  in  our  research  efforts, 
and  look  forward  to  the  time  when  the  purse  strings  can  be  loosened.  Thank  you 
again  for  meeting  with  us  this  morning  and  discussing  this  phase  of  our  work  which  is 
of  such  importance  to  us. 

Introduction  of   Motion  Picture  Showing  Construction 
of  Great  Salt  Lake  Fill 

The  last  feature  on  our  program  this  morning  is  a  dramatic  motion  picture  of  the 
construction  of  the  Great  Salt  Lake  fill  on  the  Southern  Pacific.  To  introduce  this  film 
to  us,  I  will  turn  the  meeting  over  to  G.  J.  Lyon,  assistant  engineer  maintenance  of 
way  and  structures  of  the  Southern  Pacific,  a  man  who  has  intimate  knowledge  of  this 
outstanding  construction  job.  Mr.  Lyon,  I  am  pleased  that  you  could  be  here  this 
morning,  and  without  further  delay  I  will  turn  the  meeting  over  to  you. 

G.  J.  Lyon:  President  Brown,  fellow  members  of  the  AREA,  members  of  the 
National  Railway  Appliances  Association  and  guests: 

It  is  my  great  pleasure  to  represent  our  chief  engineer,  Harry  M.  Williamson,  here 
toda.v,  and  I  bring  you  not  only  his  good  wishes  but  also  his  regrets  in  being  unable 
to  enjoy  this  great  convention  with  you. 

Before  introducing  the  picture,  I  believe  it  is  fitting  in  his  absence  to  relate  this 
story  to  all  chief  engineers  interested  in  mechanization,  as  it  illustrates  the  current  pro- 
gram of  efficiency  in  manpower  and  equipment. 

On  a  certain  surfacing  gang  there  was  a  very  efficient  multiple-tamper  operator 
railed  Joe.  who  had  acquired  a  monkey  that  accompanied  him  to  the  job  every  day, 
After  several  months  of  observing  Joe  ;it  the  controls,  the  monkey  became  a  very  efficient 
operator. 

The    chief    engineer,    in    looking    over    the    production    reports    ol"    his    various    surfacing 
L'aiiL's,    noted    that    this    one    gang    was    doubling    tlie    production    of    the    others,    and    he 

decided  to  investigate.  Upon  arriving  at  the  job  he  was  amazed  to  see  m  monkey  at  the 
controls.  He  questioned   the  foreman  and   was  told   that    the  monkej    was  :(   better  opera 
tor  than  Joe,  so  he  let  the  monkey  run  the  machine  while  Joe  sat  around  and  collected 
the  pay. 
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The  chief  engineer  was  very  disturbed  about  this.  Finally  he  hit  on  an  idea,  and 
figured  that  he  had  a  way  to  increase  production  and  cut  costs,  so  he  called  Joe  over 
and  explained  to  him  that  he  had  done  such  a  marvelous  job  training  the  monkey  that 
his  services  were  no  longer  required. 

About  a  year  later  Joe  received  a  letter  from  the  chief  engineer's  office  which  read, 
"Dear  Joe:  You  can  have  your  old  job  back  now  if  you  want  it.  Signed,  your  monkey. 
P.S.:   I  am  now  chief  engineer."   [Laughter] 

The  Great  Salt  Lake  ceased  to  be  a  transportation  barrier  on  the  late  afternoon 
of  July  27,  1959.  A  Southern  Pacific  freight  train  bound  from  Ogden,  Utah,  to  Rose- 
villc,  Calif.,  turned  short  of  the  slow-speed  wooden  trestle  and  swung  out  onto  the  new 
and  permanent  earth-filled  causeway  for  a  fast  12 -mile  run  across  the  deeper  waters 
of  the  wide  lake. 

While  the  magnitude  of  the  completed  project  is  self-evident,  the  technological 
achievements  won  by  civil  and  soils  engineers  remain  unseen  beneath  the  dead  though 
often  turbulent  sea.  The  men  and  machines  too  are  gone,  and  left  behind  arc  only  a 
few  giant  quarry  scars  on  the  far  barren  shores,  the  crumbling  banks  of  the  once 
bustling  harbor,  and  the  foundations  and  roadways  of  one  of  the  busiest  construction 
towns  to  ever  come  or  go  in  the  American  West. 

But  the  photographer's  ever-present  camera  provides  a  record  of  events  leading  to 
construction  and  completion  of  an  undertaking  for  which  there  had  been  no  precedent. 
As  they  say  in  Hollywood  (which  is  also  in  California),  the  picture  you  are  about  to  see 
was  five  years  in  the  making.  It  was  shot  on  location  in  the  scenic  West  under  a  big 
western  sky,  but  the  title  of  the  picture,  "Mariners  in  Hard  Hats",  prevents  me  from 
misleading  you  further  into  thinking  that  you  are  about  to  see  a  sneak  preview  of  some 
remarkable  new  Hollywood  cowboy  western.  I  can  assure  you  that  some  moments  in  the 
film  will  be  most  explosive. 

In  a  more  serious  vein,  I  would  like  to  point  out  that  the  film  covers  the  entire 
period  of  investigation  and  construction  of  Southern  Pacific's  crossing  over  the  Great 
Salt  Lake.  The  picture,  made  by  Morrison-Knudsen  Company,  uses  film  taken  by  both 
Southern  Pacific  and  Morrison-Knudsen  photographers.  They  were  able  to  capture  very 
well,  I  think,  the  expanse  of  the  project,  the  challenges  of  nature,  and  the  record  of  how 
engineering  teamwork  knocked  over  a  few  mountains  and  built  an  almost  indestructible 
railroad  across  the  Great  Salt  Lake. 

On  with  the  show ! 

[The  motion  picture  was  shown.]    [Applause] 


President  Brown:  Thank  you,  Mr.  Lyon.  That  was  an  outstanding  construction 
job  and  an  outstanding  film  of  it,  and  we  appreciate  your  presenting  it  to  us.  We  only 
wish  that  Mr.  Jaekle,  your  general  manager,  and  Mr.  Williamson,  your  chief  engineer, 
could  have  been  here  with  us  this  morning  and  have  shared  our  program  with  you. 
We  know  that  they  would  have  been  here  if  at  all  possible.  Upon  your  return  to  San 
Francisco,  please  give  them  our  thanks  for  making  the  film  available  for  showing  here — 
and  our  kindest   regards.  Thank  you  again. 

Gentlemen,  this  last  feature  brings  to  a  close  our  opening  session,  which  I  am  sure 
all  of  you  have  found  most  interesting;  but  I  can  assure  you  that  this  has  been  only 
a  sample  of  what  lies  ahead  in  our  program  for  the  next  two  days,  which  will  be 
crammed  full  of  committee  reports,  Manual  recommendations,  and  some  18  additional 
special   features  of  one  kind  or  another. 
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Early  on  our  program  this  afternoon,  following  reports  of  our  Committees  on  Con- 
tract Forms,  on  Engineering  and  Valuation  Records  and  on  Clearances,  I  will  present 
to  you  and  make  you  acquainted  with  four  official  guests  from  the  British  Railways, 
one  of  whom  will  discuss  "The  Future  of  Track  Maintenance  on  British  Railways." 
I  am  sure  you  will  not  want  to  miss  this  feature  of  our  program. 

May  I  ask  that  those  of  you  involved  in  any  of  the  eight  various  group  luncheons 
to  be  held  this  noon  go  promptly  to  these  luncheons.  Please  pardon  the  some  400 
Rotarians  you  may  bump  into  as  you  leave  this  room,  since  they  are  having  a  luncheon 
in  the  Y.I.P.  Room  at  the  north  end  of  this  floor. 

The  meeting  now  stands  recessed  until  1:30  pm,  and  I  ask  that  you  be  back  here 
promptly  in  order  that  we  might  resume  our  work. 

[The  meeting  recessed  at  noon.] 


Afternoon  Session,   March  7,   1961 

[The   meeting  reconvened  at    1:30  pm,  President   Brown  presiding.] 
President  Brown:   Will  the  meeting  please  come  to  order.  It  is  important  that  we 
get  this  session  started  on  time  because  we  have  a  long  and  interesting  program  of  com- 
mittee reports  and  special  features  ahead  of  us  this  afternoon. 

You  will  note  that  we  have  adopted  a  double,  two-level  speaker's  table  for  this 
session  in  order  to  provide  enough  places  for  members  of  our  larger  committees,  and 
it  is  expected,  of  course,  that  all  committee  members  present  will  come  to  the  speaker's 
table  during  the  presentations  of  their  respective  committees. 

Discussion  on  Contract  Forms 

[For  report,  see  Bulletin  560,  pp.  333-3561 

President  Brown:  The  first  committee  to  report  this  afternoon  will  be  our  Com- 
mittee 20 — Contract  Forms,  of  which  E.  M.  Hastings,  Jr.,  wire  crossing  engineer  system. 
Chesapeake  &  Ohio  Railway,  is  chairman.  I  shall  appreciate  it  if  Mr.  Hastings  and  the 
members  of  his  committee  will  come  to  the  platform  at  this  time. 

In  order  to  preclude  lost  time  in  our  various  committee  presentations,  may  I  ask 
that  the  chairman,  vice  chairman,  secretary,  and  all  subcommittee  chairmen — especially 
those  to  present  reports — take  their  places  at  the  main  speaker's  table,  and  that  other 
members  of  the  committee  fill  out  the  main  speaker's  table  and  then  find  places,  as 
necessary,  at  the  lower  speaker's  table.  This  will  shorten  the  time  necessary  for  subcom- 
mittee chairmen  to  come  to  the  lectern  to  present  their  reports;  and  while  the  time 
saving  of  any  individual  subcommittee  chairman  may  not  appear  to  be  appreciable,  tin- 
total  time  saving  really  becomes  sizable  when  you  realize  there  are  a  total  ol  128 
subcommittee  reports  to  be  made  to  this  convention. 

As  has  been  the  practice  at  all  of  our  previous  conventions,  the  privilege  of  the 
Boor  is  extended  to  all  members  of  the  Association  and  to  all  musts.  We  will  welcome 
your  comments  and  criticism  of  reports  and  the  recommendations  therein,  in  the  limited 
amount  of  time  that  can  be  provided  for  discussion, 

In    order    that    your    remarks    may    he    heard    by    all    present,    may    I    ask    that    those 

addressing  the  convention  from  the  floor  use  the  microphones  thai  have  been  provided 
in  each  aisle.  These  microphones  have  removable  heads,  and  members  who  have  volun- 
teered to  man  these  microphones  will  be  glad  to  pass  them  to  you  at  your  seals  to  the 
extent  that   such   will  add  to   your  convenience  and  save  time. 


766  Contract    Forms 


Mr.  Hastings,  if  you  will  now  assume  the  lectern,  I  shall  be  glad  to  have  you 
conduct   the   presentation   of  your  committee. 

Chairman  E.  M.  Hastings:  Thank  you,  Mr.  President.  Members  of  the  American 
Railway  Engineering  Association  and  guests: 

Your  Committee  20— Contract  Forms,  has  six  assignments.  Our  report  appears  in 
Bulletin   560  beginning  on  page  333. 

In  view  of  the  request  that  all  Manual  material  be  reviewed  by  1962,  Committee 
20  divided  its  membership  into  seven  subcommittees  to  study,  under  Assignment  1,  the 
seven  parts  of  its  Chapter  of  the  Manual.  We  are  reporting  on  four  complete  parts  and 
a  portion  of  a  fifth  this  year. 

Assignment  1 — Revision  of  the  Manual. 

Chairman  Hastings:  We  submit  a  new  Form  of  Construction  Contract  to  super- 
cede that  now  found  on  pages  20-1-1  to  20-1-11  in  the  Manual,  and  recommend  its 
approval. 

Mr.  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Chairman  Hastings:  We  recommend  deletion  of  Form  of  Agreement  for  Purchase 
of  Electrical  Energy  for  Other  Than  Traction  Purposes,  Manual  pages  20-3-16  to  20-3- 
21,  incl.,  as  it  is  of  no  further  use  to  the  Association. 

Mr.  President,  I  so  move. 

[The   motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Chairman  Hastings:  We  recommend  reapproval  without  change  of  the  following 
five  documents  in  Part  3  of  Chapter  20:  Form  of  Agreement  for  Interlocking;  Form  of 
Agreement  for  Purchase  of  Electrical  Energy  for  Traction  and  Other  Purposes;  Form  of 
Agreement  for  Joint  Use  of  Poles  on  Railway  Lands;  Form  of  Agreement  for  Wire  or 
Cable  Line  Crossings;  and  Form  of  Agreement  Covering  Parallel  Occupancy  of  Railway 
Right-of-Way  Property  by  Electric  Power  Lines. 

Mr.  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Chairman  Hastings:  We  recommend  that  the  title  of  Part  5  be  changed  to  "Agree- 
ments Covering  Property,"  and  that  the  following  agreement  forms  now  in  Part  7  be 
transferred  to  Part  5  as  retitled  in  order  to  get  all  property  agreements  in  one  Part: 
Form  of  Agreement  for  the  Use  of  Railway  Property  by  High  Pressure  Pipe  Lines  with 
Special  Reference  to  Pipe  Lines  Carrying  Flammable  Oils  and  Gas;  Form  of  License 
for  Pipes,  Conduits,  Drains,  Hopper  Pits,  and  Other  Structures  on  Railway  Property; 
Form  of  Agreement  to  Permit  Subsurface  Exploration  on  Railway  Property;  Form  of 
Agreement  Covering  Subsurface  Rights  to  Mine  Under  Railway  Carrier  Property;  and 
Form  of  Lease  For  Development  of  Oil  and  Gas  on  Railway  Lands. 

Mr.  President,  I  so  move. 

[The  motion   was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Chairman  Hastings:  We  recommend  reapproval  without  change  of  Form  of  Agree- 
ment for  Purchase  of  Land,  and  reapproval  with  revisions  of  the  following  additional 
agreement  forms  in  Part  5  of  Chapter  20,  namely,  Form  of  Lease  for  Industrial  Site; 
Form  of  Agreement  for  Commercial  Signs  on  Railway  Property;  and  Form  of  Convey- 
ance of  Title  Granting  the  Right  to  Construct  and  Maintain  Buildings  Over  Railroad 
Property. 

Mr.  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 
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Chairman   Hastings:   We  recommend   reapproval  without  change  of  the  following 

agreement  forms  in  Part  6  of  Chapter  20:  Form  of  Agreement  for  Construction  of  Stop 
Log  or  Other  Structures  for  Flood  Control;  Form  of  Agreement  for  Railway  Force 
Account  Work  on  Flood  Control  Projects;  and  Form  of  Agreement  for  Division  of  Work. 
Maintenance  and  Operation  of  Flood  Protection  Works. 

Mr.  President,  I  so  move. 

[The  motion  was  duly  seconded,  and  put  to  a  vote,  and  carried.] 

Chairman  Hastixcs:  In  Part  7  of  Chapter  20,  we  recommend  reapproval  without 
change  of  the  following  four  agreement  forms,  namely,  Form  of  Agreement  for  Unload- 
ing Liquefied  Petroleum  Gases  and  Other  Liquefied  Gases;  Form  of  Agreement  for  Turn 
Pike  or  Toll  Road  Crossing  Railway  Tracks  and  Property;  Form  of  Lease  Covering 
Subsurface  Rights  to  Mine  Under  Railway  Miscellaneous  Physical  Property;  and  Form 
of  Agreement  for  Construction  and  Maintenance  of  Highway-Railway  Grade  Separation 
Structures  for  Public  Roads;  and  reapproval  with  revisions  of  the  following  agreement 
forms,  bearing  in  mind  that  these  latter  forms  are  also  to  be  shifted  to  Part  5,  as 
previously  mentioned:  Form  of  Agreement  for  the  Use  of  Railway  Property  by  High 
Pressure  Pipe  Lines,  with  Special  Reference  to  Pipe  Lines  Carrying  Flammable  Oils  and 
Gas;  Form  of  License  for  Pipes,  Conduits,  Drains,  Hopper  Pits,  and  Other  Structures 
on  Railway  Property;  Form  of  Agreement  to  Permit  Subsurface  Exploration  on  Railway 
Property;  Form  of  Agreement  Covering  Subsurface  Rights  to  Mine  Under  Railway 
Carrier  Property;  and  Form  of  Lease  for  Development  of  Oil  and  Gas  on  Railway 
Lands. 

Mr.  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.  | 

Chairman  Hastings:  In  connection  with  the  revision  of  the  Manual,  I  would  like 
to  recognize  the  splendid  job  done  by  the  subcommittee  chairmen,  and  as  I  call  their 
names  I  would  like  them  to  stand.  Please  withhold  your  applause  until  all  have  been 
named. 

Clarence  Young,  assistant  engineer,  Baltimore  and  Ohio;  Manuel  Garcia,  assistant 
chief  engineer,  Alton  &  Southern;  W.  D.  Kirkpatrick,  assistant  to  chief  engineer,  Mis- 
souri Pacific;  C.  R.  Du  Bose,  engineer  grade  separations,  Missouri  Pacific;  E.  W.  Smith, 
assistant  to  chief  engineer,  St.  Louis-San  Francisco;  and  K.  J.  Silvey,  area  engineer — 
construction,  Pennsylvania. 

Thank  you,  gentlemen,  for  an  excellent  job.   [Applause] 

Assignment  3 — Form  of  Lease  Covering  Right  to  Strip  Mine  on  Rail- 
way  Miscellaneous   Physical  Property. 

Chairman-  HASTINGS:  I).  F.  Lyons,  office  engineer.  Chicago  South  Shore  and  South 
Bend  Railroad,  is  chairman  of  Subcommittee  3  and  will  report  on  this  assignment. 
D.  F.  Lyons:  Mr  President,  fellow  members,  ladies  and  guests: 
You  will  find  on  page  351  of  Bulletin  560  a  draft  of  Form  of  Lease  Covering  Righ! 
to  Strip  Mine  on  Railway  Miscellaneous  Physical  Property.  This  drafl  incorporates  tin- 
recommended  changes  made  in  the  past  year.  We  invite  additional  suggestions  and  com- 
ments  from    those   who   have   had  experience   in   this   form   of   work. 

Chairman  Hastings:  Thank  you,  Mr.  Lyons.  I  think  this  agreement  will  be  a  dis- 
tinct addition   to  i  ur   Manual.   It    is  being   presented  as  information  at    this  time. 
Pri.mmni    BROWN:    It    will   be  SO  received. 

Chairman   Hastings:    Mr    President,  I  would  like  to  recognize  the  valuable  assist 

ance    rendered    Committee    20    l>\     C.     D.     DawsOt),     Baltimore    &    Ohio;     J,    Y      McHugh, 
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Chesapeake  &  Ohio,  and  G.  A.  Royce,  Pennsylvania,  collaborators  from  the  former  Fire 
Protection  and  Insurance  Section,  Association  of  American  Railroads,  and  J.  G.  Karlet, 
Norfolk  &  Western,  collaborator  from  the  Communication  and  Signal  Section,  AAR. 
Their  assistance  in  our  work  has  been  invaluable  in  the  preparation  of  these  contracts. 

Mr.  President,  with  the  close  of  this  meeting  my  term  of  office  as  chairman  expires. 
It  has  been  a  real  privilege  to  serve  this  committee  and  the  Association  in  this  capacity. 

Now  I  would  like  to  introduce  to  you  the  new  officers  of  Committee  20.  Your  new 
vice  chairman  is  J.  L.  Perrier,  division  engineer,  Chicago  &  North  Western.  Jack,  will 
you  please  stand? 

Your  new  chairman  is  Donald  F.  Lyons,  office  engineer,  Chicago  South  Shore  and 
South  Bend  Railroad.  Don,  will  you  please  come  forward? 

President  Brown:  Thank  you,  Mr.  Hastings.  Your  committee  has  jurisdiction  over 
highly  important  material  in  our  Manual,  and  I  congratulate  you  on  the  work  which 
has  been  done  under  your  direction  to  review  and  keep  this  material  up-to-date.  I  know 
this  has  taken  a  lot  of  time  and  thought  on  the  part  of  members  of  your  committee; 
and  while  to  present  these  recommendations  properly  to  our  convention  takes  consid- 
erable time,  it  is  necessary  that  this  be  done  under  our  Association  procedure. 

Incidentally,  the  extent  of  work  done  by  your  committee  on  its  Chapter  in  the 
Manual,  and  the  equally  extensive  work  on  Manual  material  done  by  others  of  our 
committees,  as  will  be  brought  out  in  this  convention,  is  a  convincing  answer  to  the 
criticism  that  has  been  heard  that  some  of  the  Manuals  of  the  various  Divisions  and 
Sections  of  the  AAR  are  not  only  not  kept  currently  up-to-date  but  contain  a  lot  of 
"dead  wood." 

While  our  Manual  may  not  be  perfect  in  every  respect,  operating  under  the  Asso- 
ciation rule  that  each  committee  shall  submit  all  of  its  Manual  material  for  revision  or 
reapproval  at  intervals  of  not  more  than  10  years  has  resulted  in  an  AREA  Manual  of 
which  we  can  be  pretty  proud. 

Please  pardon  this  digression,  but  I  wanted  to  put  the  record  straight,  insofar  as 
our  Manual  is  concerned,  for  the  benefit  of  anyone  uninformed  or  misinformed. 

We  welcome  Mr.  Perrier  as  the  new  vice  chairman  of  Committee  20  and  Mr.  Lyons 
as  the  new  chairman,  knowing  that  the  good  work  of  the  committee  will  continue  under 
their  direction. 

Mr.  Lyons,  if  you  will  step  to  the  lectern  I  would  like  to  present  you  with  your 
official  chairman's  gravel.  I  am  sure  you  will  use  it  effectively  and  wisely.    [Applause] 

Chairman  Hastings:  Mr.  President,  this  concludes  the  report  of  Committee  20. 

President  Brown:   Thank  you  again,  Chairman  Hastings. 

I  would  like  to  add  a  personal  note.  Mr.  Hastings  has  been  an  untiring  worker  in 
this  Association.  It  is  almost  a  tradition  to  see  him  directing  many  activities.  He  has 
done  this  willingly,  and  his  interest  in  the  Association  permeates  the  whole  group.  I  have 
visited  his  committee,  and  I  can  tell  you  that  they  work  almost  day  and  night  to  accom- 
plish some  of  the  things  we  have  taken  action  on  this  afternoon. 

Thank  you  again,  Mr.  Hastings.  Your  committee  is  now  excused  with  the  thanks 
of  the  Association.    [Applause] 
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Discussion   on   Engineering  and   Valuation   Records 

[For  report,  see  Bulletin   562,  pp.   565-583] 

[President  Brown  presiding.] 

President  Brown:  The  report  of  Committee  11 — Engineering  and  Valuation  Rec- 
ords, will  be  found  beginning  on  page  565  in  Bulletin  562.  Will  the  members  of  the  com- 
mittee, of  which  L.  \V.  Howard,  land  and  tax  commissioner,  Chicago  &  Western  Indiana 
Railroad  and  Belt  Railway  of  Chicago,  is  chairman,  please  come  to  the  platform. 

Again  may  I  ask  the  chairman,  vice  chairman  and  secretary  of  the  Committee,  and 
all  reporting  subcommittee  chairmen,  to  take  seats  as  near  the  podium  as  possible.  May 
I  also  repeat  my  earlier  invitation  for  comments  and  discussion  from  the  floor,  using  the 
aisle  microphones. 

Mr.  Howard,  you  may  proceed  with  the  presentation  of  your  report. 

Assignment   1 — Revision  of  Manual. 

Chairman  L.  W.  Howard:  Subcommittee  1  has  completed  its  review  of  one-third 
of  the  material  in  Chapter  11,  and  the  results  will  be  reported  by  C.  R.  Dolan,  assistant 
to  valuation  engineer,  Missouri  Pacific,  for  Subcommittee  Chairman  W.  A.  Krauska, 
assistant  engineer,  Missouri  Pacific. 

C.  R.  Dolan:  During  the  past  year  your  committee  has  given  a  great  deal  of  atten- 
tion to  the  material  in  its  Chapter  in  the  Manual,  looking  to  bringing  it  up  to  date 
before  the  Manual  is  reprinted  in  1962.  As  a  result  your  committee  submits  for  adoption 
the  recommendations  with  respect  thereto  published  on  pages  566  to  571,  incl.,  of  Bulletin 
562,  January   1961. 

Mr.  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Chairman-  Howard:  Thank  you,  Mr.  Dolan.  Knowing  that  this  subcommittee  has 
apportioned  out  for  study  the  remaining  Manual  material  in  Chapter  11,  we  shall  expect 
a  report  in  1962  that  the  work  of  revision  has  been  completed. 

Assignment  2 — Bibliography  on  Subjects  Pertaining  to  Records  and 
Accounts. 

Chairman  Howard:  This  is  an  annual  continuing  subject  and  is  reported  in  such 
a  manner  that  the  subject  matter  referred  to  the  Association  is  briefed.  The  bibliography 
for  this  and  previous  years  is  not  cross-indexed,  and  we  recommend  that  any  member 
seeking  information  on  a  particular  subject  refer  to  prior  Proceedings  of  the  Association 
for  at  least  10  years.  The  chairman  of  the  subcommittee  is  J.  B.  Byars,  assistant  to  chief 
engineer,  Denver  &  Rio  Grande  Western  Railroad. 

Assignment  3 — Office  and  Drafting  Practices. 

CHAIRMAN   Howard:    Studies  are  being  carried  out  under  this  assignment    but   have 
not  been  completed.  The  subcommittee  chairman  is  D.  G.  Paeske,  assistant  engineer,  Mil 
waukce  Road. 

Assignment  4 — Use  of  Statistics  in  Railway  Engineering. 

Chairman  Howard:  The  studies  being  carried  out  under  this  assignment  have  also 
not  been  completed.  M.  ('.  Wolf,  valuation  engineer.  Northern  Pacific  Railway  i--  chair- 
man of  1 1 1 i  —  subcommittee  and  also  vice  chairman  of  Committee  11. 

Assignment    5 — Construction    Reports    and    Property    Records. 
Chairman  Howard:  This  committee  since  19SS  has  been  studying  computer  machine 
applications  under  (he  able  leadership  of  its  chairman,  W.  S.  Gates,  Jr.,  assistant   i<> 
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auditor — valuation,  Chicago  &  Illinois  Midland  Railroad.  He  is  relinquishing  this  assign- 
tnent,  hut  nol  liis  interest  in  the  subject,  to  accept  assignment  as  secretary  of  Commit- 
tee 11.  His  words  will  be  a  charge  and  challenge  to  our  profession.  Mr.  Gates. 

\Y.  S.  Gates,  Jr.:  It  has  been  one  purpose  of  this  subcommittee  to  point  out  to 
members  of  the  Association  that  much  of  our  work  in  the  future  will  be  influenced  by 
the  use  of  and  results  obtainable  from  computing  machines.  The  fact  that  such  machines 
were  first  applied  to  problems  in  the  accounting  field  may  have  temporarily  blinded  us 
to   their  engineering  applications. 

We  now  find  electronic  computers  performing  valuable  work  for  many  railroad 
departments — car  service,  transportation,  traffic,  stock  and  bond  registration,  tax  report- 
ing, etc. — all  of  which  find  machine  record  keeping  a  valuable  aid  where  large  quan- 
tities of  separate  records  must  be  consolidated  and  studied.  There  is  much  to  be  gained 
by  their  use  in  engineering  areas  where  we  are  likewise  confronted  with  assembling  and 
processing  voluminous  records  or  data.  A  recent  example  of  a  useful  application  by  a 
large  railroad  in  the  engineering  field  was  the  mechanization  of  its  reports  of  rail  fail- 
ures. That  road  now  has  the  completed  data  on  the  chief  engineer's  desk  for  study 
many  months  ahead  of  the  previous  time  schedule.  The  record  is  also  in  a  more  com- 
plete form  so  that  areas  of  weakness  can  be  spotted  in  time  to  take  corrective  action. 

Certain  facts  must  be  kept  in  mind  if  we  are  to  derive  maximum  benefits  from 
modern  methods  of  data  processing.  The  basic  task  is  the  preparation  of  and  definition 
of  the  program.  This  means  that  the  objective  must  be  clearly  defined.  Then  the  basic 
or  original  source  records  or  reports  must  be  assembled  in  order  and  fed  to  the  machines 
through  use  of  the  program.  To  state  the  subject  more  simply,  the  objective  is  what 
one  needs  and  wants  to  produce,  or  what  one  wants  the  record  keeping  system  or  com- 
puter to  tell  him.  The  beginning  and  end  points  must  be  determined,  and  in  between 
there  must  be  a  completely  planned  procedure.  Involved  in  this  procedure  is  a  machine 
program,  which  might  be  defined  as — Instructions  to  the  machine — What  you  want  it 
to  do  for  you. 

The  machine  is  like  an  individual.  You  must  tell  it  what  you  want  it  to  do.  We  tell 
individuals  what  we  want  them  to  do  but  sometimes  they  don't  do  it.  The  machine 
will  do  only  what  you  tell  it  to  do. 

A  logical  way  to  approach  this  useful  tool,  the  computer,  would  be  to  assign  an 
engineer  from  your  department  to  study  the  machine  set-up  and  organization  as  it  now 
exists  on  your  railroad.  He  should  become  familiar  with  the  general  principles  of  machine 
operation  functions,  and  should  learn  the  language  of  machine  operation.  Then  he  will 
be  understood  when  he  starts  to  discuss  your  problems  with  those  who  operate  the 
machines.  This  man  should  be  familiar  with  engineering  and  maintenance-of-way  field 
operations,  reports,  and  record  keeping  as  it  now  exists.  He  should  carefully  review 
existing  basic  records  or  reports  and  be  sure  that  all  needed  basic  information  is  being 
received  in  the  chief  engineer's  office.  He  should  also  determine  if  any  unnecessary  infor- 
mation is  now  being  furnished;  that  is,  information  not  being  actually  put  to  useful 
purposes.  I  mention  the  elimination  of  unnecessary  records,  because  the  inclusion  of 
such  data  can  upset  the  advantages  gained  by  the  computers.  Machines  have  such  a 
great  capacity  for  volume  work  that  sometimes  reports  are  introduced  merely  because 
the  computer  has  the  basic  facts  and  the  capacity  to  produce  them,  with  the  result  that 
you  have  a  product  which  is  neither  used  nor  needed. 

The  basic  test  question  to  determine  all  objectives  for  machine  reporting  is — "What 
will  I  do  with  the  final  result?"  If  the  answer  is — "Nothing,"  the  time  to  eliminate  it 
is  before  it  gets  started.  Those  of  us  who  have  been  in  machine  work  in  any  way  realize 
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that  one  of  the  big  traps  of  machine  work,  and  at  the  same  time  one  of  the  big  savings, 
is  the  elimination  of  things  you  don't  actually  use.  Here  is  a  great  opportunity  in  ma- 
chine recordkeeping.  You  can  wipe  out  things  you  wanted  to  wipe  out  before  but  didn't 
dare. 

Machine  data  processing  is  a  tool  for  you  to  use.  Time  spent  by  railway  engineer- 
ing and  maintenance  of  way  departments  to  give  it  more  than  a  casual  investigation 
will  be  very  rewarding,  we  are  certain. 

Chairman  Howard:  Thank  you,  Mr.  Gates.  1  am  pleased  to  welcome  you  to  serv- 
ice as  secretary  of  our  committee,  and  we  all  thank  you  for  the  good  job  you  have  done 
as  chairman  of  Subcommittee  5. 

Assignment    6 — Valuation    and   Depreciation. 

Chairman  Howard:  The  report  on  this  assignment  appears  in  Bulletin  562,  page 
581.  C.  R.  Dolan,  assistant  to  engineer— capital  expenditures,  Missouri  Pacific,  is  chair- 
man of  the  subcommittee. 

Assignment  7 — Revisions  and  Interpretations  of  ICC  Accounting 
Classifications. 

Chairman  Howard:  The  report  on  this  assignment  appears  in  Bulletin  562,  pages 
581  and  582.  The  chairman  of  the  subcommittee  is  M.  M.  Gerber,  accounting  engineer, 
Baltimore  &  Ohio  Chicago  Terminal. 

Assignment  8 — Simplification  of  Records  to  Determine  Original  Costs 
of  Tracks  to  Be  Used  in  Their  Retirements  from  the  Investment  Account. 

Chairman  Howard:  This  subcommittee,  under  the  co-chairmanship  of  C.  F.  Olson, 
valuation  engineer,  Great  Northern,  and  B.  F.  Nauert,  valuation  engineer,  Terminal 
Railroad  Association  of  St.  Louis,  has  completed  its  subject. 

Assignment  9 — Simplification  of  Annual  Reports  on  Form  588  to  the 
Interstate  Commerce  Commission,  and  Underlying  Completion  Reports. 

Chairman  Howard:  This  subcommittee  has  been  working  on  Valuation  Order  30 
through  the  medium  of  a  committee  composed  of  members  of  AREA  Committee  11  and 
members  of  the  Accounting  Division,  AAR.  Its  recommendations  have  been  submitted 
to  the  Accounting  Division,  which  will  handle  the  subject  further  with  representatives 
of  the  Interstate  Commerce  Commission.  Chairman  of  the  subcommittee  is  H.  X.  Halper, 
valuation  engineer,  Erie-Lackawanna  Railroad. 

Chairman  Howard  (continuing):  Committee  11  has  been  fortunate  the  past  25 
years  to  have  had  as  its  secretary,  Bowman  H.  Moore,  assistant  to  vice  president, 
Finance,  Accounting,  Taxation  and  Valuation  Department,  Association  of  American 
Railroads,  now  on  leave  of  absence.  Mr.  Moore  is  retiring  at  this  time  as  committee 
secretary.  His  service  to  the  committee  during  the  past  25  years  has  been  thorough 
and  unselfish,  and  it  would  be  impossible  to  evaluate  its  worth  to  our  members  and 
companies.  He  was  well  known  and  liked  in  his  liaison  position  between  the  industry 
and  the  regulatory  agencies  of  government,  and  was  always  ready  to  be  of  service.  \ 
phone  call  or  letter  would  send  him  off  to  the  Commission  or  other  agencies  to  collect 
information   for  us,  saving  us  many  a   trip  to  Washington. 

His   comprehensive   treatise,   "Federal   Valuation   of   Railroads",   was   published   bj 

our  Association,  but   he  is  better  known  to  the  industry  in  general  as  the  author  of  three 

popular  and  authoritative  modern  books  on  railroading.  They  are  published  bj  the  A  \k 

and    are   entitled,   "Working   on    the   Tracks",   "Working   in    the   Shops,"   and   "Conducting 

Transportation." 
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\\V  arc  proud  to  have  bad  the  pleasure  of  working  with  Mr.  Moore,  and  express 
our  thanks  to  him  for  his  past  service  and  wish  him  all  success  and  happiness  in  his 
new  endeavor  as  a  consultant  in  Washington, 

Mr.  President,  this  concludes  the  report  of  Committee   11. 

President  Brown:  Thank  you,  Mr.  Howard  and  members  of  your  committee,  for 
the  important  work  that  you  are  doing  in  behalf  of  our  Association  and,  like  Commit- 
tee 20,  for  the  careful  attention  you  have  given  to  keeping  your  Manual  material  up 
to  date. 

Your  committee  is  now  excused  with  the  thanks  of  the  Association.   [Applause] 

Discussion  on  Clearances 

[For  report,  see  Bulletin   561,  pp.   411-4131 

[President  Brown  presiding.] 

President  Brown:  We  shall  next  hear  from  Committee  28 — Clearances,  of  which 
j.  G.  Greenlee,  clearance  engineer,  Pennsylvania  Railroad,  Philadelphia,  Pa.,  is  chair- 
man. Will  Mr.  Greenlee  and  the  members  of  his  committee  please  come  to  the  platform 
and  present  their  report. 

Assignment  1 — Revision  of  Manual. 

Chairman  J.  G.  Greenlee:  No  Manual  revisions  have  been  proposed  this  year. 
B.  Bristow,  principal  assistant  engineer,  Chicago,  Rock  Island  &  Pacific  Railroad,  is 
chairman  of  this  subcommittee. 

Assignment  2 — -Clearances  as  Affected  by  Girders  Projecting  Above 
Top  of  Track  Rails,  Structures,  Third-Rail,  Signal  and  Train-Control 
Equipment,  Collaborating  with  Signal  and  Electrical  Sections,  and  with 
Mechanical  and  Operating-Transportation  Divisions,  AAR. 

Chairman  Greenlee:  A  clearance  diagram  for  third-rail  territory  and  an  equip- 
ment diagram  were  approved  last  March  for  publication  in  the  Manual  under  this 
assignment.  There  is  no  further  progress  to  report.  C.  W.  Hamilton,  design  engineer, 
Wabash  Railroad,  is  the  subcommittee  chairman. 

Assignment  3 — Review  Clearance  Diagrams  for  Recommended  Practice, 
Collaborating  with  AREA  Committees  Concerned,  and  the  AAR  Joint 
Committee  on  Clearances. 

Chairman  Greenlee:  Eight  clearance  diagrams  were  approved  last  March  for  pub- 
lication in  the  Manual.  Another  is  being  held  in  abeyance  pending  negotiations  between 
the  AAR  Grade  Crossing  Committee  and  the  Bureau  of  Public  Roads.  R.  L.  Williams, 
office  manager,  Illinois   Central  Railroad,  is  the  subcommittee  chairman. 

Assignment  4 — Compilation  of  the  Railroad  Clearance  Requirements  of 
the   Various  States. 

Chairman  Greenlee:  Subcommittee  Chairman  J.  F.  Smith,  inspector,  Illinois  Cen- 
tral  Railroad,  will  present  the  report  on  Assignment  4. 

J.  F.  Smith:  Mr.  President,  members  of  the  Association,  and  guests: 

Your  subcommittee  submits  as  information  a  thoroughly  revised  tabulation  of  the 
clearance  requirements  of  the  various  states,  brought  up  to  date  as  of  October  1,  1960. 

Duplicate  columns  were  eliminated  and  column  titles  clarified  and  simplified.  Ex- 
planatory notes  on  the  use  of  the  chart  have  been  added  for  the  first  time,  and  footnotes 
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were  moved  to  the  side  of  the  chart  to  permit  greater  expansion  of  the  chart  proper  for 
better  legibility. 

This  new  chart  was  published  in  the  December  1960  Bulletin  561,  and  it  is  the 
opinion  of  your  subcommittee  that  it  will  convey  much  more  information  with  greater 
clarity  than  the  previous  chart. 

Assignment  5 — Clearance  Allowance  to  Provide  for  Vertical  and  Hori- 
zontal Movement  of  Equipment  Due  to  Lateral  Play,  Wear  and  Spring 
Deflection,   Collaborating  with  the  Mechanical  Division,  AAR. 

Chairman  Greenlee:  Your  committee  has  no  report  on  this  assignment  at  this 
time,  due  to  the  fact  that  the  data  secured  in  the  Lackawanna  tests  on  freight  equip- 
ment in  October  1959  have  not  been  completely  evaluated.  This  work  is  presently  in 
progress. 

Further  tests  of  this  nature  are  planned  for  piggyback  equipment  in  the  near  future. 
E.  E.  Mills,  draftsman,  Pennsylvania  Railroad,  is  chairman  of  Subcommittee  5. 

Assignment  6 — Compilation  in  Table  Form  of  Offsets  for  Overhanging 
Loads  on  Curves. 

Chairman  Greenlee:  Subcommittee  Chairman  W.  P.  Kobat,  draftsman,  Santa  Fe, 
is  absent  because  of  illness,  so  E.  E.  Mills,  Pennsylvania  Railroad,  will  present  the  report 
on  Assignment  6  in  his  behalf. 

E.  E.  Mills:   Mr.  President,  members  of  the  Association  and  guests: 

Your  committee  submits,  as  information  and  as  shown  in  the  December  1960  Bul- 
letin, No.  561,  two  tabulations  showing  offsets  for  overhanging  loads  on  curves,  with  the 
view  of  submitting  them  as  Manual  material  at  some  future  date.  Sheet  1  gives  the 
offsets  for  a  1-deg  curve  at  the  middle  of  the  car  or  load  for  distances  between  truck 
centers  ranging  from  20  to  65  ft.  This  sheet  also  shows  illustrations  and  examples. 
Sheet  2  gives  the  end  offsets  for  a  1-deg  curve  for  end  overhang  ranging  from  6  to 
40  ft. 

The  purpose  of  these  tabulations  is  to  save  time  in  calculating  clearances  for  exces- 
sive-dimensioned shipments  on  curves. 

Assignment  7 — Methods  of  Measuring  High  and  Wide  Shipments,  Col- 
laborating with  the  Mechnical  Division,  AAR. 

Chairman  Greenlee:  R.  A.  Skooglun,  chief  draftsman,  Northern  Pacific  Railway, 
and  chairman  of  Subcommittee  7,  will  present  the  report  on  this  assignment. 

R.  A.  Skooglun:  Mr.  President,  members  of  the  Association  and  guests: 

Your  committee  now  submits  for  approval  and  publication  in  the  Manual  the 
drawing  entitled  "Suggested  Measuring  Devices  lor  Checking  Oversize  High  and  Wide 
Loads",  which  was  presented  as  information  with  last  year's  report  (Proceedings,  Vol.  61, 
1960,  page  555).  This  drawing  has  been  reviewed  by  the  Mechanical   Division,  AAR. 

The  drawing  may  be  used  exactly  as  presented  or  with  such  modifications  as  may 
lie  necessary  or  desirable  to  meet  the  needs  of  individual  railways. 

In  brief  this  drawing  includes: 

1.  A  fixed  device  for  the  measuring  of  high  and  wide  loads  thai  can  be  placed  in  a 
permanent  position,  either  within  or  without  a  protecting  structure.  Cars  to  be  checked 
are  switched  into  position  at  the  measuring  device.  Calibrated  horizontal  and  vertical 
measuring  rods,  shown  on  the  plan,  are  then  inserted  into  the  holes  at  the  side  and  top 
of   the  device,   furnishing  direct    readings  as  to   the   width  and   height    oi    liiad   without    the 

necessity  of  adding  or  subtracting  any  constant. 
Hull.  MB 
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2.  A  mobile  device  for  the  measurement  of  high  and  wide  loads  that  can  be  placed 
in  a  permanent  position  on  appropriate  running  rails  cither  within  or  without  a  pro- 
tecting  structure.  Cars  to  be  checked  do  not  require  switching,  and  width  and  height 
of  loads  are  then  obtained  similar  to  the  fixed  device. 

3.  A  portable  device  that  can  be  set  up  at  any  location  in  a  yard  or  wherever  cars 
are  located  that  require  measurements.  Measurements  are  made  with  calibrated  rods 
similar  to  the  fixed  device. 

4.  A  form  for  reporting  lading  on  open  top  cars,  which  is  self-explanatory. 
Mr.  President,  I  move  that  this  drawing  be  accepted  as  Manual  material. 
| The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Chairman   Greenlee:    Mr.  President,   this   concludes   the   report   of   Committee   28. 

President  Brown:  Thank  you,  Mr.  Greenlee.  We  appreciate  the  work  which  has 
been  done  by  your  committee  during  the  year,  and  are  sorry  that  certain  phases  of  it 
have  unavoidably  been  delayed. 

I  want  to  congratulate  your  committee  especially  on  its  new  chart  showing  the 
clearance  requirements  of  the  various  states,  which  certainly  does  convey  more  informa- 
tion with  greater  clarity  than  the  previous  form  of  this  chart. 

I  know,  too,  that  the  two  tabulations  submitted  showing  offsets  for  overhanging 
loads  on  curves  will  prove  valuable  to  many  of  our  members  in  calculating  clearances 
for  excessive-dimensioned  shipments  on  curves. 

Mr.  Greenlee,  you  have  done  a  good  job  in  your  first  year  as  chairman  of  Commit- 
tee 28.  You  are  now  excused  with  the  thanks  of  the  Association.   [Applause] 

Introduction  of  Special  Guests 

President  Brown:  At  this  point  I  would  like  to  invite  to  our  speaker's  table  some 
special  guests  to  our  convention  from  overseas.  Will  Mr.  A.  V.  Johnston,  chief  engineer, 
Canadian  National  Railways,  please  escort  our  guests  to  the  speaker's  table. 

We  are  greatly  honored  to  have  these  men  with  us  today.  Mr.  Johnston,  who  is 
well  acquainted  with  them,  will  present  them  to  you.  Mr.  Johnston. 

A.  V.  Johnston:  Mr.  President,  members  and  guests: 

This  afternoon  I  have  a  very  pleasant  assignment — the  introduction  of  the  four 
gentlemen  seated  on  my  left,  to  whom  I  extend  a  most  cordial  welcome  on  behalf  of 
the  AREA. 

This  group,  consisting  of  two  guests  and  two  members  of  the  AREA,  are  officers 
of  the  British  Railways  and,  as  far  as  I  know,  they  have  traveled  the  greatest  distance 
to  be  with  us  at  this  annual  meeting. 

Although  they  have  come  principally  to  attend  these  sessions  of  our  Association 
meeting  and  the  concurrent  equipment  show  of  the  National  Railway  Appliances  Asso- 
ciation, they  also  plan  to  use  this  opportunity  to  visit  a  number  of  American  railroads 
for  discussions  with  engineering  officers. 

At  this  time  it  would  be  most  appropriate  to  have  the  assembly  recognize  three  of 
the  members  of  this  distinguished  group  prior  to  the  introduction  of  the  fourth.  Starting 
from  my  far  left: 

Mr.  A.  W.  McMurdo,  assistant  civil  engineer,  Northeastern  Region,  British  Railways. 
[Applause] 

Mr.  D.  L.  Bartlett,  assistant  director  of  research  (engineering),  British  Transport 
Commission.  [Applause] 
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Mr.  A.  H.  Cantrell,  chief  civil  engineer,  Southern  Region,  British  Railways. 
[Applause] 

The  fourth  member  is  Mr.  A.  N.  Butland,  who  is  going  to  speak  to  us  on  "The 
Future  of  Track  Maintenance  on  British  Railways." 

Mr.  Butland  is  chief  civil  engineer  of  the  London  Midland  Region  of  the  British 
Railways.  This  is  the  largest  of  the  six  regions,  consisting  of  one-third  of  the  total  mile- 
age and  including  the  industrial  concentration  in  cities  such  as  Birmingham  and  Man- 
chester. 

After  taking  an  Arts  degree  at  London  University,  Mr.  Butland  graduated  in  engi- 
neering with  first  class  honors  and  joined  the  Great  Western  Railway  Company  at  Pad- 
dington.  His  experience  with  that  company  included  six  years  on  bridge  survey,  design 
and  construction,  and  five  years  on  new  works,  followed  by  a  period  in  South  Wales 
on  the  staff  of  a  divisional  engineer. 

Mr.  Butland  was  successively  divisional  engineer  at  Taunton  and  then  at  Bristol  and, 
after  nationalization,  moved  to  York  as  assistant  civil  engineer  of  the  Northeastern 
Region.  He  became  assistant  civil  engineer  of  the  London  Midland  Region  in  1955,  and 
was  appointed  chief  civil  engineer  on  January  1,  1959. 

Mr.  Butland  served  with  the  Royal  Engineers  for  six  years  during  the  war.  He 
was  a  lieutenant  colonel  and  was  appointed  an  Officer  of  the  Order  of  British  Empire 
"for  gallant  and  distinguished  conduct  in  North-West  Europe." 

Mr.  Butland,  who  is  a  member  of  AREA,  will  now  present  his  paper.  Mr.  Butland. 
[Applause] 

The  Future  of  Track  Maintenance  on  British  Railways 
By  A.  N.  Butland 

Chief   Civil    Engineer 
London-Midland    Region,    British    Railways 

We  who  have  the  honor  to  appear  before  you  today,  presented  so  kindlj  by  Mr. 
Johnston,  our  colleague  from  the  Canadian  National  Railways,  thank  you  sincerely  for 
the  warm  welcome  we  have  received  in  Chicago. 

We  bring  you  cordial  greetings  from  those  chief  civil  engineers  of  British  Railways 
who  are  members  of  the  AREA  but  not  fortunate  enough  to  be  here  this  year.  They 
join  us  in  good  wishes  that  this  convention  may  fulfill  its  function  of  the  sharing  of 
knowledge — knowledge  of  problems,  of  their  difficulties  and  their  solutions.  We  share 
the  hope  of  railway  engineers  the  world  over  that  we  may  make  our  contribution  to  the 
selling  of  rail  transport  by  the  efficiency  of  the  service  we  give. 

I  think  I  should  start  my  subject  by  sketching  in  something  of  our  organization 
and  background.  On  nationalization  in  1948,  six  regions  were  established.  Each  Region 
has  a  chief  civil  engineer  reporting  to  the  general  management  and  with  a  headquarters 
establishment  of  functional  assistant  engineers  for  matters  such  as  track,  bridges,  new 
works,  legal  and  parliamentary  affairs,  and  an  architect.  Territorially,  the  Regions  are 
further  subdivided  into  districts,  each  under  a  district  engineer  with  technical  and  clerical 
staff  and  the  necessary  complement  of  track  men  and  of  artisans  for  maintenance  ot 
bridges,  buildings,  tunnel-  and  the  like.  In  general,  the  man  power  of  each  district  is 
somewhere  about   1500. 

Below  the  district  engineers  there  are  two  further  subdivisions  territorially  on  the 
track  side,  first  into  inspectors'  sections,  between  9  and  12  to  a  district,  and  then  into 
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gangers'  lengths,  about  IS  per  inspector's  section.  The  length  gang  is  usually  of  five 
men  in  total,  and  they  are  the  ultimate  unit  which  does  all  those  track  maintenance 
tasks  that  can  be  carried  out  without  interruption  to  traffic,  such  as  adjustment  to  top 
and  line,  oiling  of  joint  bars,  fencing,  cleaning  drains,  and  the  like. 

The  renewal  of  the  material  of  the  track  itself  is  carried  out  by  renewal  gangs  under 
the  control  of  the  section  inspectors,  and  the  gangs  are  allocated  among  inspectors  by 
the  district  engineer  according  to  need  of  work.  It  is  our  practice  to  renew  ties  and  rails 
together,  material  recovered  from  fast  main  lines  being  given  a  secondary  life  in  slow 
freight  lines  or  sidings. 

Our  railway  lines  run  through  a  very  highly  industrialized  island  with  limitations 
at  quite  frequent  intervals  upon  the  lifting  of  track.  To  illustrate,  in  electrifying  a  route 
mileage  of  507  miles  of  my  Region  from  Euston  through  Crewe  to  Liverpool  and  Man- 
chester we  had  to  examine  a  total  of  2030  bridges  over  the  railway  and  will  have  to 
reconstruct  or  lift  947  out  of  that  total  in  a  period  of  5  years  to  give  the  required 
headroom. 

Our  load  gage  and  structure  gage  are  both  smaller  than  yours  and  smaller  than  on 
the  Continent  of  Europe.  In  particular  we  have  very  little  room  at  the  side  of  the  track 
for  off-track  equipment  and,  similarly,  we  are  much  restricted  in  overall  size  of  mechan- 
ical equipment. 

In  addition,  our  train  services  both  on  the  main  trunk  and  on  the  suburban  lines 
are  of  a  high  intensity.  For  example,  on  the  main  line  on  a  two-line  portion  of  track 
between  Euston  and  Crewe  on  my  own  Region  we  pass  283  trains  per  24  hr,  of  which 
123  are  passenger  and  160  are  freight.  The  number  of  suburban  trains  for  the  commuter 
traffic  both  into  and  out  of  London  can  fairly  be  claimed  to  be  the  most  intensive  in 
the  world.  The  Southern  Region,  for  example,  has  187  per  hr  at  peak  periods  into  and 
out  of  London  Bridge.  Our  express  passenger  services  are  run  with  a  maximum  speed 
of  90  mph  and  on  certain  areas  of  electrification  this  will  be  100  mph.  Express  freight 
trains  are  run  at  50  mph  and  parcels  and  mail  trains  at  passenger  train  speeds. 

At  the  end  of  World  War  II  the  railways  were  physically  in  a  pretty  run-down 
condition.  Bearing  in  mind  the  extraordinarily  heavy  volume  of  traffic  that  was  carried 
by  them  during  the  war  and  the  seriously  reduced  amount  of  labor  and  material  that 
the  railway  companies  were  able  to  put  into  them  during  the  war,  that  they  were  no 
worse  off  at  the  end  of  hostilities  shows  the  sound  accountancy  and  managerial  qualities 
of  the  pre-war  companies.  Nevertheless,  rails  and  ties  had  been  left  in  the  track  much 
longer  than  one  would  have  liked,  and  restrictions  of  speed  for  safety  reasons  were 
pretty  widespread.  Much  of  our  track  runs  through  clay  country,  and  we  began  to 
understand  the  problem  of  the  break-down  of  clay  formations.  Where  the  original  pro- 
vision of  drainage  was  skimpy  or  the  original  ballasting  not  satisfactory  in  type  or  depth, 
there  we  suffered  from  clay  heaving  and  from  the  slurrying  of  clay  in  the  choking  of 
ballast.  A  maximum  speed  limit  of  60  mph  was  perforce  imposed  throughout  by  the 
four  companies. 

We  set  about  improving  matters,  we  think,  in  a  consistently  planned  fashion.  In 
the  subsequent  portion  of  my  talk  you  will  appreciate  my  views  are  colored  by  what 
I  am  doing  on  my  own  territory.  Sites  where  either  of  the  two  clay  troubles — heaving 
or  slurrying — were  producing  a  growing  requirement  of  attention  to  level  and  aline- 
ment  were  investigated  individually  and  a  depth  selected  at  which  a  satisfactory  undis- 
turbed clay  was  found.  The  old  spent  ballast  and  broken  clay  are  excavated  to  give  a 
good  fall  to  drainage,  and  a  blanketing  layer  of  sand  is  laid  on  the  clay.  This  layer  is 
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not  less  than  12  in  and  may  be  double  that  amount  in  extreme  cases.  On  top  of  the 
sand  a  minimum  thickness  of  9  in  of  crushed-stone  ballast  is  provided  underneath  the 
ties,  with  a  full  measure  of  crib  ballast  to  the  tops  of  the  ties  and  a  shoulder  at  that 
level  of  at  least  12  in  beyond  the  tie  ends.  For  the  excavation,  dozers  and  dragline 
excavators  or  traxcavators  are  used  and  "Mermaid"  side-tipping  cars  have  been  a  greal 
help  in  the  back-filling  of  the  sand.  In  a  30-hr  possession,  we  can  dead  with  a  length 
up  to  250  yd. 

On  other  less  troublesome  sites  in  clay  belts  we  have  found  that  a  thorough  over- 
haul of  surface-water  drains  or  the  provision  of  additional  drainage  has  very  consid- 
erably cased  our  maintenance  problems. 

We  are  dealing  also  with  weak  embankments  by  driving  pilot  tubes  vertically  into 
the  embankment  slopes  and  down  into  the  natural  ground  beneath  them  and  injecting 
an  aerated  grout  with  an  added  wetting  agent  as  the  tubes  are  withdrawn.  This  stab- 
ilization of  embankments  can  be  carried  out  without  interruption  to  traffic  and  again 
avoids  the  need  for  abnormally  frequent  packing  and  ultimate  slides. 

Throughout  our  fast  lines  we  aim  to  provide  a  minimum  depth  of  9  in  of  hard, 
clean,  stone  ballast  under  the  ties.  Where  there  is  at  present  a  deficiency  the  simplest 
and  cheapest  way  of  doing  this  is  by  lifting  on  new  stone  run  out  by  hopper  cars.  How- 
ever, our  great  number  of  bridges  over  the  tracks  and  the  levels  of  passenger  platforms 
often  prevent  this  and  lead  us  either  to  use  on-track  machines  or  to  remove  the  track, 
dispose  of  the  ballast  into  rail  cars  by  normal  earth-moving  equipment  and  then  to 
rcballast  and  replace  the  track.  Our  achievement  in  1960  on  L-M  Region  was: 

Track  lifting    46  miles 

Reballasting  by  machine    238  miles 

Formation  renewals  and  associated  drainage   17  miles 

Provision  of  new  drains    38  miles 

Renew   existing   drains    32  miles 

Total    371  miles 

We  are  consolidating  the  ballast  and  surfacing  by  use  of  on-track  tamping  machines, 
with  built-in  jacking  equipment  and  set  track  to  level  and  pack  it  with  a  crew  of  4  men 
at  the  rate  of  300  yd  per  hr.  We  use  these  machines  both  for  major  resurfacings,  after 
renewals  and  for  day-to-day  maintenance  whenever  we  can  get  the  use  of  a  track  for 
2  or  3  hr.  The  avoidance  of  the  use  of  man-handled  track  jacks  is  a  great  step  forward 
for  us,  as  for  you. 

Our  track  of  the  future  for  our  main  lines  is  long  welded  110-lb  Bat-bottom  rail  on 
prestressed  concrete  ties,  at  2112  per  mile,  and  so  far  on  British  Railways  as  a  whole 
we  have  installed  343  miles  of  such  track.  We  have  not  done  so  lightly.  We  have  assured 
ourselves  that  in  the  long  term  they  are  economically  justified  as  well  as  being  more 
comfortable  for  the  passenger  and.  above  all,  that  they  arc  safe.  A  very  competent  inves 
titration  of  this,  both  mathematical  and  practical,  was  made  by  my  colleague  of  the  Wesl 
cm  Region,  and  Mr.  Bartlett,  who  is  with  me  today,  played  a  leading  part  in  this  work. 
It  concluded  the   following  stages: 

(a)  A  continuous  record,  over  several  years,  of  movements  in  three  dimensions 
on  two  half-milt-  stretches  of  track,  with  simultaneous  recordings  of  rail  and 
air  temperatures, 

(b)  A  site  investigation  of  the  errors  of  alinement.  level  and  fastening  tightness 
that   must   be   allowed    for  even    in    well   maintained   track, 
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(c)  Laboratory  tests  of  factors  affecting  buckling  on  a  track  bed  120  ft  Ions  in  a 
disused  tunnel,  where  the  test  rails  were  electrically  heated.  The  effect  upon 
buckling  of  temperature,  type  of  tics,  rails,  ballast  and  fastenings  and  their 
tightness  were  all  separately  investigated 

(d)  Tests  of  the  lateral  stiffness  of  various  track  types  and  the  torsional  resistance 
of  the  type  of  fastening  used,  and 

(e)  Longitudinal  creep  resistance. 

From  all  this  we  found  that  only  the  end  100  yd  need  be  rail  anchored  with  our 
type  of  fastenings,  that  we  need  to  cover  a  temperature  range  of  120  F,  and  that  the 
buckling  load  can  be  assessed  as: 


where  P  =  buckling  force  (tons). 

£  — modulus  of  elasticity  (tons/in2). 
/  =  moment  of  inertia  of  2  rails  (in1)- 
I  =  length  over  which  buckling  takes  place  (inches) . 

(Found  to  be  20  ft  for  our  F.B.  track) 
q  =  maximum  misalinement  in  maintenance  (inches) . 
C  =  torsional  resistance  of  the  fastenings  used   (tons  in/radian  l/2). 
D  =  tie  spacing  (inches) . 
W  =  lateral  ballast  resistance  per  sleeper  (tons/in  run) . 

From  this  work  we  were  all  set  to  produce  a  code  of  practice  for  the  laying-in  and 
maintenance  of  the  long  welded  track. 

Our  rails  are  delivered  from  the  rolling  mills  in  60-ft  lengths,  and  we  flash-butt  weld 
them  into  600-ft  lengths  in  our  own  welding  depot.  The  old  track  is  removed  in  60-ft 
lengths  complete  by  track-laying  machines,  and  the  same  machines  lay  in  60-ft  lengths 
of  new  track  with  concrete  ties  and  two  jointed  30-ft  lengths  of  service  rails.  The  new 
long  rails  are  then  fed  into  place  by  pulling  them  off  the  wagons  and  barring  the  service 
rails  out  as  the  train  moves  back. 

Site  welding  on  the  other  five  Regions  is  by  the  quick-thermit  process.  This  is  found 
to  be  very  reliable  and  will  be  familiar  to  you.  I  use  on  the  London-Midland  Region 
the  Philips  enclosed-arc  welding  process.  This  gives,  with  a  low  hydrogen  electrode,  a 
fatigue  strength  equivalent  to  a  stress  range  of  12.5  tons  per  square  inch  with  advan- 
tages in  toughness  and  cost.  We  are  doing  development  work  on  a  CO2  shielded-arc 
process  which  will  halve  the  time  required  by  using  uncoated  electrodes  with  continuous 
feed,  so  that  changing  of  electrodes  and  removal  of  slag  by  chipping  will  be  avoided. 
All  site  welding  is  ultrasonically  tested  for  flaws. 

On  the  labor  side  we  have  made  considerable  progress  in  work  study,  both  method 
study  and  work  measurement,  and  an  accompanying  bonus  incentive  scheme  produces 
sound  economic  returns.  The  pioneering  of  this  activity  and  most  of  the  groundwork 
was  carried  out  on  the  Southern  Region,  of  which  Mr.  Cantrell  is  chief  civil  engineer. 
On  British  Railways  as  a  whole  our  total  staff  on  track  work  of  all  kinds  has  been  re- 
duced from  60,000  in  1948  to  43,000  at  the  end  of  1960,  and  62  percent  of  the  men 
engaged  on  day-to-day  track  maintenance  are  working  under  bonus  conditions. 

Where  then  do  we  stand  today?  Our  war-time  arrears  of  maintenance  have  been 
overcome,  we  have  standardized  on  long  welded  rails  and  prestressed  concrete  ties  for 
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fast  main  lines,  we  are  steadily  overhauling  and  improving  our  formations,  earthworks, 
drainage  and  ballasting.  The  packing  of  the  track  is  mure  solid,  accurate  and  enduring 
than  ever  before  through  use  of  tamping  machines  and  with  the  built-in  lifting  device, 
such  work  is  done  with  minimum  of  demand  on  manpower.  We  have  mechanized  our 
operations  so  far  as  such  mechanisation  is  financially  justifiable. 
The  three  most  significant   facts,  however,  are  these: 

1.  We  are  producing  a  track  which  is  surprisingly  consistent  throughout  in  its 
need  for  maintenance  attention,  and  this  on  a  system  where  the  present  organ- 
ization of  length  gangs  is  ideally  suited  to  deal  with  the  sore  spots  that  have 
existed  for  generations. 

2.  We  are  finding  that  well  tamped  track  on  fast  main  lines  will  stand  without 
attention  for  periods  between  one  and  two  years,  and  sometimes  three  years. 

3.  Even  with  the  reduced  manning  that  we  have  achieved  by  bonus  incentive 
schemes,  these  gangs  being  roughly  two-thirds  of  the  pre-bonus  strengths, 
further  reduction  can  be  safely  made. 

I  regard  these  three  points  as  quite  epoch  making  on  British  Railways.  Clearly  our 
organization  must  be  changed.  I  think  we  should  not  do  less  in  this  day  and  age  than 
to  set  ourselves  a  target  of  producing  a  10  percent  reduction  in  overall  maintenance 
costs  within  the  next  5  years. 

Another  factor  which  has  a  bearing  on  our  future  policies  is  that  freight  traffic  on 
our  railways  is  acquiring  an  ever  increasing  importance,  after  being  in  past  generations 
rather  a  "Cinderella."  The  need  to  run  promptly  freight  trains  themselves  and  trains 
of  freight  empties  back  to  loading  points  is  nowadays  often  resulting  in  a  very  heavy 
drive  to  run  freight  trains  on  Sundays,  a  tendency  that  plays  havoc  with  our  traditional 
method  of  carrying  out  all  work  requiring  interruption  to  traffic  at  the  week-ends  when 
passenger  services  are  much  lighter  than  mid-week.  We  are  beginning  an  examination 
with  our  operating  friends  of  how  far  the  timetable  can  be  replanned  with  electric  and 
diesel  traction  and  with  modern  signalling  to  allow  us  periods  of  3  to  6  hr,  working  by 
day  or  night,  mid-week  possession  of  track  at  a  number  of  points  throughout  the  Region 
to  carry  out  our  required  renewals,  reballasting  and  also  day-to-day  maintenance  by 
on-track  machines.  In  other  words  we  are  approaching  a  set  of  circumstances  in  which 
the  ultimate  hope  is  to  be  able  to  introduce  a  system  of  maintenance  much  nearer  to  the 
present  American  system,  despite  our  more  intensive  train  frequency. 

We  think  that  our  prestressed  concrete  ties  will  give  a  life  from  twice  to  three  times 
the  life  of  the  rail  and  therefore,  we  shall  assuredly  be  coming  to  a  system  of  rerailing 
and  spot  resleepering  instead  of  our  present  method  of  complete  renewals,  and  it  seems 
to  me  that  throughout  my  Region  and  within,  God  willing,  my  tenure  of  office,  we  shall 
be  carrying  out   our   maintenance   in   one  of   two   ways  according  to  local  conditions: 

either   by    fully    mobile   gangs   of   men    based   On    the   larger   unit    Of   the   inspector's  section 

instead  of  the  ganger's  length,  giving  annual  attention  to  fastenings,  top  and  alinemenl 

by  mechanical  means,  and  carrying  out  track  renewals  both  with  plain  line  and  switch 
and  crossing  work  without  the  need  for  separate  renewal  gangs,  or  where  lesser  oper 
ating  facilities  prove  to  be  practicable,  retaining  the  length  gang  system,  still  using 
mechanical  equipment  as  far  as  conditions  allow,  but  again  carrying  out  renewals  b) 
daily  transport  of  the  length  gangs  when  required  t<>  and  from  renewal  sites.  We  are 
giving  (lose  and  detailed  study  to  this  problem  now.  We  have  ceased  to  live  in  an  age 
where  small  units  of  manpower  totalling  in  the  aggregate  a  verj  big  laboi  force  can  be 
left  to  their  own  devices. 
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What  are  the  possibilities  financially?  Perhaps  I  cannot  do  better  than  to  say,  just 
to  give  you  the  roughest  outline,  that  on  my  Region  at  the  moment  we  have  8,419  men 
engaged  on  day-to-day  maintenance  in  the  length  gangs  and  7,231  engaged  on  renewals, 
reballasting  and  other  extra  gang  work.  I  would  say  that  in  the  future  an  overall 
manning  of   11,000  should  be  somewhere  near  our  target. 

In  the  achievement  of  this  aim  we  shall  need  to  do  certain  plant  development  work 
which  I  think  can  be  summarised  best  in  the  following  items: 

1.  A  machine  that  will  really  produce  a  uniform  compaction  of  ballast  under- 
neath the  ties  with  the  track  removed  so  that  following  renewals  and  deep 
reballasting  we  can  open  forthwith  to  passenger  trains  at  a  speed  not  less  than 
50  mph.  We  are  experimenting  with  a  vibratory  compactor  of  German  origin. 

2.  A  machine  capable  of  producing  really  fine  corrections  of  alinement  with  a 
minimum  crew;  in  other  words,  a  treatment  of  alinement  in  parallel  fashion 
to  the  tamping  we  get. 

The  real  ideal  would  be  that  such  a  machine  should  have  a  little  in-built  computer 
so  that  it  would  record  existing  alinement  and  obstacles  to  slue  on  a  preliminary  run 
through  the  section  to  be  dealt  with,  record  this  on  magnetic  tape,  and  produce,  yard 
by  yard,  slues  that  will  produce  the  best  compromise  alinement  in  those  local  conditions. 

We  also  need  machines  for  the  complete  renewal  of  track,  for  carrying  out  formation 
renewals  and  deep  reballasting  with  possession  of  single  line  only  and  with  outputs  con- 
siderably beyond  those  at  present  available.  To  build  such  equipment  within  our 
restricted  loading  gage  will  be  quite  a  problem,  but  the  development  of  plant  of  this 
nature  is  a  matter  upon  which  there  might  well  be  international  cooperation. 

We  have  made  a  mere  beginning  in  these  matters. 

I  realize  I  am  putting  myself  out  on  a  limb  in  telling  you  at  this  date  of  my  long- 
term  aims.  It  will  need  very  tight  timetabling  and  very  tight  planning  of  our  work  to 
be  able  to  obtain  margins  for  work  between  trains  on  our  heavily  laden  routes,  and  we 
shall  need  to  carry  the  men  with  us,  for  without  enthusiasm  from  them  we  are  sunk. 

I  am  proud  indeed  to  be  living  in  an  age  and  generation  where  such  challenging 
problems  provide  such  satisfying  work,  and  proud  indeed,  Mr.  President,  to  be  able  to 
come  here  today  and  talk  to  you  of  our  problems,  which  in  aim  and  scope  must  I  think 
be  so  similar  to  your  own.  I  thank  you  for  the  opportunity  you  have  given  me. 

As  and  when  members  of  this  Association  can  visit  Britain  nothing  will  give  my 
colleagues  and  me  greater  pleasure  than  to  be  able  to  receive  you  there  and  to  show  you 
on  the  ground  what  we  are  doing.  We  have  always  had  the  greatest  pleasure  in  meeting 
those  few  of  your  members  who  have  visited  us.  I  shall  be  gratified  indeed  if  anything 
I   have  said  leads  some  of  you  to  pay  us  a  visit.   [Applause] 


President  Brown:  Thank  you,  Mr.  Butland,  for  your  interesting  and  informative 
talk  and  pictures.*  I  am  sorry  we  could  not  give  you  more  time  for  your  presentation, 
but  it  is  evident  from  what  you  have  told  and  shown  us  that  you  on  the  British  Rail- 
ways are  alert  to  modern  methods  and  practices,  and  are  constantly  looking  ahead  to 
further  improvements  and  economies. 

We  are  delighted  that  you  and  your  three  associates  could  attend  our  convention 
and  exhibit  this  year,  and  we  only  wish  that  more  of  our  good  friends  from  Britain 
could  have  come  with  you.  We  hope  your  visit  here  will  be  as  pleasant  and  profitable 

*  Mr.   Butland  illustrated   his  talk   with  slides,   which  arc  not   reproduced  herein. 
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as  contemplated,  and  that  you  will  feel  fre<    to  discuss  matters  of  interest  t<>  you  with 
any  of  our  members  and  our  railway  supply  friends  at  any  time. 

Thank  you,  Mr.  Johnston,  for  presenting  our  British  friends  to  us.  You  are  now 
excused,  gentlemen. 

Discussion  on  Waterways  and  Harbors 

[For  report,  sec;  Bulletin   560,  pp.  375-406] 

[President  Brown  presiding.] 

President  Brown:  Getting  back  to  the  reports  of  our  committees,  I  would  now  like 
to  ask  Committee  25 — Waterways  and  Harbors,  to  come  to  the  speaker's  table.  The 
chairman  of  this  committee  is  J.  F.  Piper,  assistant  chief  engineer — construction,  Penn- 
sylvania Railroad.  Since  Mr.  Piper  cannot  be  with  us  today,  the  committee's  presenta- 
tion will  be  conducted  by  Frank  J.  Olsen,  resident  engineer,  Baltimore  &  Ohio  Chicago 
Terminal  Railroad,  Chicago,  vice  chairman  of  the  committee. 

[Vice  Chairman  F.  J.  Olsen  introduced  the  subcommittee  chairmen  present  and  then 
presented  the  report  of  Committee  25,  as  follows] : 

Assignment  1 — Revision  of  Manual. 

Vice  Chairman  Olsen:  The  material  in  Chapter  25  of  the  Manual  is  of  such  char- 
acter that  revision,  as  of  the  end  of  1960,  is  not  indicated.  [Subcommittee  Chairman, 
J.  G.  Miller,  resident  engineer,  Baltimore  &  Ohio  Railroad] 

Assignment  2 — Current  Policies,  Practices  and  Developments  Dealing 
with  Navigation  Projects,  Collaborating  with  AAR  Committee  on  Waterway 
Projects. 

Vice  Chairman  Olsen:  There  have  been  no  specific  changes  during  the  current 
year  in  the  practices  or  policies  of  the  Corps  of  Engineers  in  handling  waterway  projects. 
The  committee's  work  will  be  expanded  during  the  coming  year.  It  will  collate  and  edit 
material  from  various  sources  for  printing  in  the  Bulletin  for  the  information  of  Asso- 
ciation  members.    [Subcommittee  Chairman,   B.  M.  Dornblatt,  consulting  engineer] 

Assignment  3 — Bibliography  Relating  to  Benefits  and  Costs  of  Inland 
Waterway  Projects  Involving  Navigation. 

Vice  Chairman-  Olsen:  The  committee  presented  in  Bulletin  560  a  digest  of  13 
works  on  this  general  subject.  [Subcommittee  Chairman,  M.  A.  Michel,  assistant  to  chief 
engineer,  Bessemer  &  Lake  Erie] 

Assignment  4 — The  Use  of  Hydraulic  Models  for  the  Study  and  Reso- 
lution of   Waterway  Problems. 

Vice  Chairman  Olsen:    The  committee  presented  in  Bulletin  560  a  report  on  the 
construction   and  operation   of  a   hydraulic  model   built   to  study  a  silting  problem   in   the 
Delaware   River,  and  a  discussion   of   the  benefits  accruing  from   this  project.    [Subcom 
mittee   Chairman,   R.   J.   Clarke,  area   engineer — structures,  Pennsylvania    Railroad] 

Assignment  6 — Planning,  Construction  and  Maintenance  of  Rail-Water 
Transfer  Facilities. 

Vice  Chairman  Olsen:  Under  this  assignment  the  committee  is  directing  its  efforts 
to  the  study  of  facilities  for  roll-on,  roll-off,  lift-on,  lift-off,  and  conveyor-type  opera- 
tions.  [Subcommittee  Chairman,  J.  C.  Fenno,  assistant  engineer,  Milwaukee  Road] 
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Assignment  7 — Relative  Merits  and  Economics  of  Construction  Mate- 
rials Used  in   Waterfront  Facilities. 

VlCl  Chairman  Olsen:  I  should  now  like  to  call  on  Dr.  Shu-t'ien  Li,  consulting 
engineer,  to  give  the  report  on  Assignment  7. 

Dr.  Shu-t'ien  Li:  Mr.  President,  members  of  the  Association  and  guests:  At  the 
1958  Annual  Meeting  your  committee  submitted  as  information,  as  Part  1  of  that  year's 
report,  "Criteria  of  Relative  Merits  of  Construction  Materials  Used  in  Waterfront  Fa- 
cilities on  the  Basis  of  Inspection  and  Service  Records",  authored  by  your  then  com- 
mittee member,  H.  R.  Peterson,  chief  engineer,  Northern  Pacific.  It  was  published  in 
the  1958  Proceedings  for  inviting  discussions  from  members  of  the  Association.  There 
have  been  no  criticisms  during  the  past  three  years.  Your  committee  has,  therefore, 
amplified  the  said  criteria  and  formulated  them  into  Manual  material,  endorsed  by  the 
entire  committee,  for  addition  to  Chapter  25  as  Part  6,  Construction  Materials:  Recom- 
mended Practice  of  Conducting  Periodic  Inspection  and  Maintaining  Progressive  Service 
Performance  Records  of  Piling  Materials  Used  in  Waterfront  Facilities. 

The  full  version  of  this  new  Part  6  of  Chapter  25,  as  published  in  Bulletin  560,  No- 
vember 1960,  pages  384-385  incl.,  is  now  submitted  with  the  recommendation  that  it 
be  adopted  and  published  in  the  Manual.  Your  committee  cordially  invites  comments 
and  criticisms  now  from  the  floor. 

Mr.  President,  if  there  are  no  remarks  from  the  floor,  I  move  on  behalf  of  Commit- 
tee 25  that  the  aforementioned  material  be  adopted  and  published  in  the  Manual. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.  | 

Dr.  Li:  Further,  Mr.  President,  your  subcommittee  submits  two  additional  re- 
search reports  as  information.  They  are: 

1.  "Mechanical  Properties  of  Greenheart  and  Determination  of  Recommended  Al- 
lowable Values  for  Design  of  Waterfront  Facilities",  as  published  in  the  said  Bulletin, 
pages  386-393  incl. 

2.  "Energy  Design  Criteria  for  Fender  Piling  and  Relative  Merits  of  Different  Ma- 
terials", as  published  in  the  same  Bulletin,  pages  394^106  incl. 

Any  comments  and  criticisms  from  the  floor  will  be  appreciated.  This  completes 
your  subcommittee's  report. 


Vice  Chairman  Olsen:  Mr.  President,  if  there  are  no  questions  or  comments  from 
the  floor,  this  concludes  the  report  of  Committee  25  for  this  year. 

President  Brown:  Thank  you,  Mr.  Olsen.  The  report  of  your  committee  this  year 
contains  highly  interesting  and  valuable  material  of  special  importance  to  those  re- 
sponsible for  constructing  and  maintaining  the  extensive  waterfront  properties  of  our 
railroads. 

I  want  to  especially  congratulate  Dr.  Li  on  the  two  monographs  which  he  prepared 
on  behalf  of  your  committee,  and  I  only  wish  that  time  might  have  permitted  more 
extensive  reference  to  them;  however,  as  everyone  knows,  these  are  presented  in  full  in 
Bulletin  560,  where  they  are  available  for  detailed  study  and  review. 

Thank  you  again,  Mr.  Olsen,  for  the  continuing  good  work  of  your  committee.  You 
are  now  excused  with  the  thanks  of  the  Association,   f Applause] 
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l  Fi >r  report,  sec  Bulletin  5(>0,  pp.  235-253] 

[President  Broun  presiding.] 

President  Brown:  Moving  on  to  the  next  feature  of  our  program,  I  would  like  to 
invite  now  to  the  speaker's  table  members  of  our  Committee  13  -Water,  oil  and  Sani- 
tation Services. 

The  chairman  of  this  Committee  is  I).  ('.  Teal,  superintendent  water  supply — sys- 
tem, Chesapeake  &  Ohio  Railway,  at  Richmond,  Va,  Mr.  Teal,  I  will  appreciate  your 
coming  to  the  platform  as  quickly  as  possible  and  proceeding  with  the  presentation  of 
your  committee  report. 

Chairman  D.  C.  Teal:   Mr.  President,   members  of  the  Association  and  guests: 

Before  proceeding  with  the  presentation  of  its  reports,  Committee  13  wishes  to  ex- 
press its  sorrow  at  the  passing  of  Member  Emeritus  Byron  Wilbur  DeGeer  who  died  on 
March  8,  1960  at  age  71.  Mr.  DeGeer  joined  the  AREA  in  1920,  became  a  member  of 
Committee  13  in  1922,  and  was  chairman  from  1939  to  1945.  A  memoir  in  his  honor 
appears  as  part  of  our  published  report. 

The  report  of  Committee  13  may  be  found  in  Bulletin  560,  pages  235  to  253  inch 
Our  nine  assignments  cover  a  variety  of  topics.  I  shall  comment  briefly  on  the  reports 
that  have  been  published  in  full  in  the  Bulletin.  You  are  invited  to  interrupt  at  an\ 
time  with  questions  or  comments. 

Assignment  1 — Revision  of  Manual. 

Chairman"  Teal:  Your  committee  reports  progress  in  study  but  has  no  recom- 
mendations for  changes  this  year. 

Assignment  2 — Prevention  of  Corrosion  in  Hot  and  Cold  Water  Systems. 

Chairman  Teal:   As  a  sequel  to  last  year's  report  under  Assignment  2,  "Corrosion 
Prevention  in  Steam  and  Condensate  Lines",  your  committee  this  year  presents  an  in- 
formative report  entitled,  "Corrosion  Prevention  in  Potable  Hot  Water  Systems".  It   is 
now  felt  that  the  material  that  has  been  assembled  so  far  on  this  topic  should  be  eriti 
cally  reviewed  and  condensed  for  publication  in  the  Manual. 

Assignment  3 — Design,  Construction  and  Operation  of  Coach-Servicing 
Facilities   to   Comply  with  Regulations  of  the  U.  S.  Public  Health  Service. 

Chairman-  Teal:  A  brief  progress  report  is  made  on  Assignment  3.  Particular  at- 
tention is  directed  to  the  work  being  conducted  by  the  AAR  Research  Center  relative  to 
developing  a  coach-watering  hydrant  that  will  be  acceptable  to  the  U.  S.  Public  Health 
Service  with  respect  to  sanitary  features,  and  also  acceptable  to  the  railroads  in  all  other 
respects. 

Assignment  4 — Cathodic  Protection  of  Pipelines  and  Steel  Storage 
Tanks. 

Chairman  Teal:  Our  published  report  on  Assignment  -4,  presented  as  information, 

completes    the    study    of    cathodic    protection    for    underground    pipelines.    We    propose    to 
make  a  study  and  report  on  cathodic  protection  of  steel  tanks  m\t   year. 

Assignment  6 — Railway   Waste  Disposal. 

Chairman  Teal:  For  a  number  of  years  your  committee  has  submitted  informa- 
tive reports  on  disposal  of  industrial  type  railwaj  wastes  thai  can  cause  or  contribute 
to  the  pollution  of  public  waters.    These  previously  published  reports  have  now   been 
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summarized  and  condensed  into  a  statemenl   of   recommended  practices.  The  committee 
feels  that  this  is  Manual  material. 

Mr.  President,  I  move  that  the  report  on  Railway  Waste  Disposal,  shown  on  pages 
244,  245  and  246  of  Bulletin  560,  be  accepted  and  published  in  Manual  Chapter  13  at 
the  end  of  Part  8,  Sanitation. 

|  The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  7 — Inspection  and  Maintenance  of  Diesel  Fuel  Oil  Storage 
Tanks. 

Chairman  Teal:  Our  report  on  assignment  7  presents  recommended  practices  re- 
garding inspection  and  maintenance  of  diesel  fuel  oil  storage  tanks.  Your  committee 
has  critically  reviewed  this  report  and  believes  that  it  represents  a  practical  and  ade- 
quate standard  procedure  and  that  it  should  be  adopted  as  Manual  material. 

Mr.  President,  I  move  that  the  report  on  Inspection  and  Maintenance  of  Diesel 
Fuel  Oil  Storage  Tanks,  as  shown  on  pages  247  and  248  of  Bulletin  560,  be  accepted 
and  published  in  Chapter  13  of  the  Manual  under  Part  3,  following  Specifications  for 
Welded  Steel  Tanks. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  8 — Methods  of  Controlling  Spillage  of  Fuel  Oil  at  Diesel 
Fueling  and   Unloading  Stations. 

Chairman  Teal:  Progress  in  study  is  reported  for  Assignment  8.  The  latest  devel- 
opments in  this  field  are  to  be  presented  to  you  in  a  few  minutes  in  the  form  of  a  spe- 
cial report  by  the  chairman  of  the  subcommittee. 

Assignment  9 — Disinfectants,  Deordorants,  Fumigants  and  Cleaning 
Materials. 

Chairman  Teal:  This  year's  report  on  deodorants  completes  the  series  of  informa- 
tive reports  on  this  assignment. 

Assignment  10 — Railroad  Aspects   of  Radioactive  Substances. 

Chairman  Teal:  Under  this  assignment  your  committee  notes  progress  in  study  of 
procedures  to  follow  in  the  event  of  a  railroad  accident  involving  radioactive  materials, 
but  has  no  published  report. 


Chairman  Teal  (continuing) :  As  previously  indicated  in  the  program,  our  special 
feature  this  year  is  a  report  on  control  of  diesel  fuel  oil  spillage — results  obtained  from 
use  of  automatic  shutoff  fueling  nozzles.  The  chairman  of  Subcommittee  8,  V.  C.  Barth, 
will  present  this  to  you.  Mr.  Barth. 

Control  of  Diesel  Fuel  Oil  Spillage 
By  V.  C.  Barth 

Chief    Metallurgist    and    Engineer   of    Tests,    Chicago    &    North    Western    Railway 

Spillage  of  fuel  oil  results  not  only  in  a  loss  of  fuel  oil  but  also  in  contamination 
of  the  area  where  it  is  spilled,  resulting  in  personnel  and  property  hazards  at  fueling  lo- 
cations, as  well  as  to  adjacent  property. 

It  is  recognized  that  much  spillage  is  due  to  carelessness  on  the  part  of  attendants, 
malfunction  of  equipment,  accidents,  leakage,  etc.  Further  educational  programs  and  bet- 
ter supervision  of  employees  would  contribute  much  in  the  prevention  of  fuel  spillage  ir- 
respective of  unloading  and  fueling  facilities. 
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In  our  previous  report  it  was  estimated  that  the  loss  per  fueling  operation  approxi- 
mated 2  gal,  representing  that  lost  only  by  spillage  due  to  overflow  and  disconnect.  Since 
railroads  vary  as  to  their  respective  fueling  operations,  a  reliable  loss  figure  can  best  be 
estimated  on  a  local  basis.  If,  for  instance,  80.000,000  gal  of  fuel  are  purchased  per  year, 
a  y2-per  cent  loss  would  be  400,000  gal.  With  the  use  of  automatic  shut -off  fueling  de- 
vices this  loss  would  be  substantially  decreased. 

The  question  has  been  asked  if  concreting  of  the  fueling  area  is  necessary  with  auto- 
matic fueling  devices.  Generally  it  must  be  understood  that  losses  ranging  from  | .,  oz  to 
8  oz,  depending  on  the  type  of  device,  will  occur  at  time  of  disconnect.  Also,  with  the  use 
of  adaptors  the  spillage  at  time  of  disconnect  will  be  in  the  higher  range  of  loss.  It  is 
the  committee's  conclusion  that  the  economic  need  of  automatic  fueling  devices  is  a  mat- 
ter that  should  be  locally  evaluated  by  each  railroad. 

Many  of  the  disadvantages  relative  to  the  use  of  automatic  shut-off  fueling  devices 
referred  to  in  our  1960  report  still  apply.  The  initial  investment  is  high,  but  can  readily 
be  justified,  in  many  instances,  on  the  basis  of  fuel  saved  from  spillage.  They  are  more 
complicated  devices  than  the  manual  type  and  require  more  maintenance.  Major  im- 
provements have  been  made  in  the  direction  of  interchangeability.  Extensive  field  serv 
ice  applications  have  proven  their  reliability.  Many  railroads  estimate  that  the  cost  of 
installation  and  maintenance  will  more  than  offset  present-day  losses. 

There  are  five  manufacturers  producing  automatic  fuel  shut-off  devices,  several  of 
which  have  considerable  service  background  to  date.  All  have  been  tried  over  extensive 
periods.  In  addition,  other  devices  are  also  in  the  stage  of  design  or  are  almost  ready  for 
marketing. 

Device  A — Liquid  Flow  Principle 

Slide  1  shows  the  nozzle  fueling  a  diesel  unit.  Here  the  handle  of  the  manual  over- 
ride is  in  the  vertical  position,  indicating  that  fuel  is  flowing  through  the  nozzle. 

Slide  2 — Nozzle  and  assembly — component  parts.  The  handle  of  the  manual  over 
ride  is  in  the  horizontal  position,  indicating  that  no  fuel  is  flowing.  There  are  three  basic 
component  parts:   the  nozzle,  the  coupler  valve  and  the  pilot  float  valve. 

In  the  normal  fueling  operation  a  portion  of  the  fuel  flows  through  the  pressure 
transmission  line  and  pilot  valve  into  the  fuel  tank.  When  the  preset  fuel  level  is 
reached  the  float  of  the  pilot  valve  rises  to  shut  off  the  pilot  fuel  Bow,  which  in  turn. 
actuates  fuel  shut-off  through  the  nozzle.  Closure  of  the  nozzle  is  gradual,  being  accom- 
plished over  a  4-sec  period,  minimizing  surge  pressure. 

Slide  2  (a)  shows  the  coupler  valve  which  is  mounted  on  the  locomotive  fill-up 
opening.  The  coupler  valve  has  the  protectoseal  type  of  fitting  so  that  any  conventional 
nozzle  that  will  fit  the  protectoseal  fitting  can  lie  coupled  to  this  valve  without  using 
an  adaptor.  Further,  the  fitting  is  always  in  the  closed  position  to  avoid  spillage  when 
going  around  curves  or  operating  on  unlevel  track  should  the  dust  rap  be  inadvertentlj 
left   off. 

Slide  2   (b) — Adaptor.  Here  we  have  a   locomotive  with  tin'  standard  protectoseal 

fitting.    If    we    were    to    fuel    this    locomotive   with   a    Device   "A"   gUIl    we   would    need   this 

adaptor.  The  adaptor  serves  to  open   the  poppet   valve  in  tin-  nozzle,   It   is  applied  to 

the    protci  tOSeal -lilted    tank    just    prior    to    coupling    the    nozzle. 

With    this   particular   nozzle,   the   amount    of   spillage   on   disconnect    without    any 

adaptor  being  used  is  approximately   '  .'•  02 
Limited  tests  indicated  the  following: 
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The  surge  pressure  at  closure  was  60  psi  when  normal  fueling  pressure  was  40  psi. 
As  in  all  the  following  examples,  the  surge  pressure  was  largely  dependent  upon  the 
length   of  the  fueling  line. 

The  flow  range  for  effective  closure  was  between  5  gal/min  and  290  gal/min.  Also 
it  was  found  that  where  a  pump  delivered  320  gal/min  this  nozzle  delivered  280  gal/min, 
a  flow  reduction  of  40  gal/min. 

This  nozzle  is  easy  to  handle  because  of  its  light  weight  and  compact  construction. 

Device   B — Liquid  Flow  Principle 

Slide  3  shows  nozzle  of  Device  B  fueling  a  diesel  unit.  While  in  this  picture  no 
manual  over-ride  is  shown  nor  is  there  a  fuel  flow  indicator,  both  of  these  are  now 
available  on  an  optional  basis. 

Slide  4 — Nozzle  and  assembly-component  parts.  These  consist  of  the  fuel  nozzle, 
locomotive   coupling   half,   and   float   assembly. 

Here  the  pilot  flow  of  fuel  is  through  a  small  flexible  hose,  then  through  the  float 
assembly  and  back  out  into  the  fill-up  line — all  mounted  externally  on  the  fuel  oil  tank. 
When  the  preset  fuel  level  is  reached  the  float  rises,  shutting  off  the  pilot  fuel  flow  which 
effects  closure  in  the  locomotive  coupling  half.  There  are  two  facts  here  which  are  of 
importance.  First,  the  float  assembly  is  mounted  externally  to  the  fuel  tank  and  its 
height  is  adjustable,  which  means  that  fuel  level  shut-off  in  the  tank  is  adjustable. 
Secondly,  the  nozzle  itself  is  still  under  flow  pressure  when  the  tank  closure  is  brought 
about.  The  nozzle  automatically  closes  on  disconnect.  The  amount  of  spillage  on  dis- 
connect is  approximately  l/2  oz. 

Slide  5 — Face  of  locomotive  coupling  half  to  show  closure  and  valve  depressor  in 
dust  can.  A  self-sealing  poppet  valve  in  the  outer  end  of  the  coupling  prevents  loss  of 
fuel  from  the  fill-up  pipe  upon  disconnect  of  the  fuel  nozzle  or  when  negotiating  high- 
speed curves  or  when  operating  on  uneven  track,  if  dust  cap  is  inadvertently  left  off. 

Slides  6  and  6  (a) — Dust  cap  adaptor  required  for  fueling  with  conventional  nozzle. 
This  adaptor  is  applied  to  the  locomotive  coupling  just  prior  to  fueling  with  the  con- 
ventional nozzle.  The  adaptor,  of  course,  is  retained  with  the  fuel  tank  at  all  times, 
being  part  of  the  dust  cap.  Also,  any  nozzle  which  can  be  attached  to  this  tank  by  virtue 
of  the  adaptor  will  have  the  benefit  of  automatic  shut-off  closure  when  the  tank  becomes 
full  because  of  the  closure  being  in  the  tank  fill-up  pipe. 

Slide  7 — Adaptor  required  for  fueling  the  protectoseal  fitted  fuel  tank  with  Device 
B  nozzle.  This  adaptor  is  applied  to  the  protectoseal  fitting  on  the  fill-up  line  just  prior 
to  attaching  the  Device  B  nozzle  for  filling.  The  adaptor  must  be  retained  with  the 
nozzle.  The  two  adaptors  just  shown  afford  complete  interchangeability. 

Slide  8 — The  over-ride  innovation  which  is  optional.  The  over-ride  feature  must  be 
manually  held  open,  and  automatically  closes  on  release. 

Slide  9— The  flow  indicator  on  the  nozzle  is  optional.  A  butterfly  valve  indicates  by 
an  arrow  on  the  nozzle  when  fuel  flows. 

Limited  tests  indicated  the  following: 

The  flow  rate  of  Device  B  was  reduced  to  220  gal/min  when  compared  with  the 
normal   320   gal/min   pump   flow,   a   reduction   of   100  gal/min. 

The  flow  range  for  effective  closure  was  between  IS  gal/min  and  245  gal/min. 

The  surge  pressure  at  shut-off  was  110  psi  when  normal  fueling  pressure  was 
40  psi. 
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Device  C — Venturi   Principle 

Slide  10  shows  the  nozzle  of  Device  C.  Lever  handle  in  the  forward  or  closed  posi- 
tion indicates  fuel  is  not  flowing.  This  lever  can  be  used  as  manual  over-ride.  This  is 
the  small-size  nozzle  which  is  no  longer  being  made. 

Slide  11  is  a  close-up  view  of  this  manufacturer's  large-size  nozzle  with  the  fueling 
liver  in  the  closed  position. 

Slide  12 — Locomotive  adaptor  which  is  mounted  in  the  filler  opening.  The  quieting 
tube  hangs  down  inside  the  fuel  tank.  The  sensing  tube  inside  the  quieting  tube  is  the 
sensing  device  which  detects  the  desired  preset  full  tank,  level.  There  are  no  moving 
parts  to  this  adaptor.  No  locomotive  modification  is  required  other  than  removing  exist- 
ing fittings  from  fuel  tank  openings.  If  the  dust  cap  is  inadvertently  left  off,  fuel  can  be 
lost  through  this  adaptor. 

Slide  13 — Here  is  shown  the  two  adaptors  needed  for  complete  interchangeability 
with  existing  equipment.  One  is  retained  with  the  nozzle  and  is  applied  to  the  tank 
fitting  just  prior  to  nozzle  attachment.  The  other  is  retained  in  the  dust  cap  and  is 
applied  to  the  fuel  tank  prior  to  attaching  a  conventional  protectoseal-type  nozzle  to  a 
tank  fitted  with  Device  C  locomotive  adaptor. 

The  complete  assembly  consists  of  two  basic  units,  the  nozzle  and  the  adaptor 
assembly.  The  nozzle  contains  the  power  unit  as  an  integral  part  of  automatic  shut-off. 
The  adaptor  assembly  contains  the  sensing  tube,  which  is  installed  through  the  fill-up 
pipe  to  the  desired  full  liquid  level  and  actuates  shut-off  of  the  nozzle  when  the  air  flow 
is  stopped. 

Limited  tests  indicated  the  following: 

The  flow  rate  was  reduced  to  175  gal/min  when  compared  with  the  normal  320 
gal/min  pump  flow,  a  reduction  of  145  gal/min. 

The  flow  range  for  effective  closure  was  between  15  gal/min  and  245  gal/min. 

The  surge  pressure  at  shut-off  was  150  psi  when  normal  fueling  pressure  was  40  psi. 

Device  D — Venturi  Principle 

Slide  14  shows  the  nozzle  fueling  a  diescl  unit.  Lever  handle  in  the  back  position 
indicates  fuel  is  flowing.  The  sensing  line  is  connected  to  the  quick  coupling  of  the  fuel 
tank. 

Slide  15  shows  the  nozzle  attached  to  the  diesel  locomotive,  with  the  sensing  line 
disconnected.  This  nozzle  can  be  manually  shut  off  by  tripping  the  lever  shown  on  top 
of  the  nozzle. 

The  lever  handle  in  the  forward  position  indicates  that  fuel  is  not  flowing  through 
the  nozzle.  To  check  automatic  shut-off  of  the  nozzle,  the  lever  handle  is  cocked  to  the 
rear,  starting  the  fuel  flow  into  the  tank,  then  placing  the  thumb  over  the  sensing  tube 
immediately  will  cause  the  nozzle  to  shut  off. 

Slide  16 — Xozzlc  and  assembly — component  parts.  The  nozzle  of  Device  D  is  shown 
attached  to  the  locomotive  filler  pipe.  The  complete  assembly  consists  of  two  basil 
parts,    the    nozzle    and    the    sensing    line.    When    the    fuel    level    readies    the    orifice   of    the 

sensing  line  the  air  Bow  in  this  line  is  stopped,  which  trips  the  shut-off  valve  in  the 
nozzle. 

With  manual  operation,  this  system  js  completely  interchangeable  with  the  standard 
protectoseal  fittings.  Therefore,  no  modifications  of  standard  fueling  connections  on  the 
locomotive  or  at  the  fueling  station  are  required  during  change  over. 

Although    this    system    requires    no    adaptors    for    fueling    as    regards    attaching    the 
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Slide   18 

nozzle  to  the  fuel  tank,  there  is  approximately  8  oz  of  fuel  lost  on  disconnect.  To  cut 
this  spillage  down  to  l/i  oz,  an  adaptor  with  a  12l/2  cleg  slant  can  be  attached  to  the  end 
of  the  nozzle.  This  allows  almost  complete  nozzle  drainage  before  disconnect. 

Limited  tests  indicated  the  following: 

The  flow  rate  was  reduced  to  250  gal/min  when  compared  with  the  normal  320 
gal/min  pump  flow,  a  reduction  of  70  gal/min. 

The  flow   range   for  effective  closure  was  between  65  gal/min  and  250  gal/min. 

This  nozzle  is  provided  with  an  adjustable  gradual  shut-off  to  compensate  for  surge 
pressure. 

If  the  dust  cap  is  inadvertentlj  left  off,  fuel  can  be  losl  through  the  locomotive 
All-up  pipe  with  this  system  on  h i u h  speed  turns  or  when  operating  on  uneven  track 

The  nozzle  of  Device  I)  is  probably  the  most  difficult  of  all  to  handle. 


Device  E — Liquid  Flow  Principle 

slide   17  -Nozzle  and  assembl)    and  adaptor    component   parts.  This  consists  ol  a 

nozzle  and   an   automatit    shul   ><\\    valve.   The  automatic  shut-off  valve  is  mounted   in   the 
filler  pipe  ol   the  fuel  tank.  When  the  oil  level  of  the  tank   reaches  (he  tiller  pipe  adaptor, 

the  liquid  pressure  closes  the  idler  pipe  adaptor  valve,  As  the  nozzle  is  disengaged  from 

the   tank,  a   check    valve   prevents   flow   Of   fuel   through   the   nozzle.    Fuel    loss   i-    V    ounce 
on  disconnect. 
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If  it  is  necessary  to  use  this  nozzle  to  fuel  a  locomotive,  which  is  not  equipped  with 

this  shut-off  valve,  an  adaptor  is  needed.  The  adaptor  is  always  retained  with  the  nozzle. 

A  locomotive  tank  equipped  with  this  automatic  shut-off  valve  can  be  fueled  bj 
any  conventional  nozzle,  and  the  tank  adaptor  will  automatically  close  when  full.  The 
nozzle,  of  course,  would  have  to  be  manually  shut  off  before  disconnect. 

If  the  dust  cap  is  inadvertently  left  off,  there  will  not  be  any  spillage  of  fuel  oul  <>i 
the  fill-up  pipe  on  high-speed  turns  or  on  uneven  track. 

We  have  comparatively  little  information  on  this  nozzle  account  of  its  limited  use. 

Slide  18  shows  an  automatic  fueling  device  test  set-up. 

In  conclusion,  it  is  generally  agreed  by  the  committee  that  most  of  the  devices 
have  been  modified  or  improved  to  where  they  have  become  more  practical  and  efficient 
for  use  on  the  railroads.  A  few  devices  are  used  very  extensively  today  and  have  proven 
themselves  to  be  quite  satisfactory  from  a  performance  angle.  New  developments  have 
been  added  to  several  of  the  devices,  all  of  which  are  advantageous  to  this  system  of 
fueling.   [Applause] 


President  Brown:  I  am  sure  Mr.  Barth  can  answer  any  questions  the  audience 
might  have.  This  is  a  very  important  subject,  one  in  which  we  are  all  interested.  Are 
there  any  questions  you  would  like  to  ask  this  committee?  If  not,  Mr.  Teal,  will  you 
proceed. 

Chairman  Teal:  Before  leaving  the  platform  I  would  like  to  introduce  to  you  the 
chairmen  of  the  subcommittees  of  Committee  13  who  are  present  today.  I  will  ask  that 
these  men  please  stand  so  that  they  may  be  recognized  by  the  Association. 

J.  J.  Dwyer,  chief  chemist,  system,  Chesapeake  &  Ohio  Railway,  chairman  of  Subr 
committee  2. 

C.  F.  Muelder,  assistant  to  engineer  of  buildings,  Chicago,  Burlington  &  Quincy  Rail- 
road, chairman  of  Subcommittee  3. 

W.  F.  Arksey,  engineer  of  water  service  and  fuel  facilities,  Great  Northern  Railway, 
chairman  of  Subcommittee  4. 

T.  A.  Tennyson,  Jr.,  engineer  of  tests  and  sanitation,  St.  Louis  Southwestern  Rail- 
way, chairman  of  Subcommittee  6. 

A.  W.  Johnson,  steam  heat  and  water  service  engineer,  Atchison,  Topeka  &  Santa  Fe 
Railway,  chairman  of  Subcommitteee  7. 

V.  C.  Barth,  chief  metallurgist  and  engineer  of  tests,  Chicago  &  North  Western 
Railway,  chairman  of  Subcommittee  8. 

R.  S.  Glynn,  assistant  engineer  of  tests,  Atchison,  Topeka  &  Santa  Fe  Railway, 
chairman  of  Subcommittee  9. 

Mr.  President,  this  completes  the  report  of  Committee  13. 

President  Brown:  Thank  you,  Mr.  Teal.  Your  committee  has  the  responsibility 
of  keeping  our  Association  up-to-date  with  respect  to  water  service,  diesel  fueling  and 
sanitation  matters,  and  it  is  doing  a  good  job  in  this  regard.  We  hope  your  committee 
will  shortly  be  successful  in  developing  and  having  made  available  to  the  railroads  the 
ideal  coach  watering  hydrant  it  is  looking  for,  both  from  the  standpoint  of  being  able 
to  meet  the  exacting  requirements  of  the  U.  S.  Public  Health  Service  and  other  govern- 
mental agencies,  and  the  needs  of  railroad  operations  in  all  kinds  of  climate  and  varying 
operating  and  maintenance  conditions. 

We  are  sorry,  Mr.  Teal,  that  the  tightness  of  our  convention  program  has  not  per- 
mitted time  for  presentation  of  reports  by  your  various  subcommittee  chairmen,  but 
you  have  done  a  good  job  in  highlighting  the  work  of  your  committee  during  the  past 
year,  and  the  condensing  of  your  presentation  is  much  appreciated. 
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Many  thanks  to  you,  Mr.  Barth,  for  your  informative  talk  on  the  control  of  diesel 
fuel  oil  spillage. 

Mr.   Teal,    your   committee   is    now   excused    with    the    thanks   of    the   Association. 

[Applause  | 

Discussion  on  Yards  and  Terminals 

[For  report,  see  Bulletin  560,  pp.  255-286.] 

[President  Brown  presiding.] 

President  Brown:  Our  next  committee  to  report  is  Committee  14 — Yards  and  Ter- 
minals. The  Chairman  of  this  committee  is  A.  S.  Krefting,  chief  engineer,  Soo  Line 
Railroad,  with  headquarters  at  Minneapolis,  Minn. 

Mr.  Krefting,  if  you  and  the  members  of  your  committee  will  come  to  the  platform 
promptly,  we  would  like  to  hear  your  report  at  this  time. 

Again,  as  in  the  case  of  other  committees,  may  I  ask  that  you,  the  vice  chairman 
and  secretary  of  your  committee  and  also  subcommittee  chairmen,  especially  those  to 
present  reports,  take  your  places  here  at  the  high-level  speaker's  table  and  as  close  to 
the  lectern  as  possible. 

May  I  remind  those  of  you  on  the  floor  of  the  convention  that  you  all  have  the 
privilege  of  the  floor  to  comment  or  raise  questions.  I  hope  you  will  avail  yourself  of 
this  privilege,  to  the  extent  that  your  comments  and  questions  will  add  to  the  value 
of  the  committees'  various  presentations. 

Mr.  Krefting,  please  proceed  with  your  report. 

Chairman  A.  S.  Krefting:  Mr.  President,  Committee  14  during  the  past  year  has 
reviewed  a  considerable  portion  of  the  material  in  Chapter  14  of  the  Manual  so  as  to 
bring  it  up  to  date  for  reprinting,  and  in  addition  has  prepared  reports  on  five  assigned 
subjects. 

Assignment  1 — Revision  of  Manual. 

(JiURMAN-  Krefting:  The  review  of  Part  1 — Terminals,  and  Part  2 — Passenger 
Terminals,  has  been  carried  out  by  Subcommittee  1-a  of  which  Loren  F.  Pohl,  chief 
engineer  of  the  Chicago  South  Shore  and  South  Bend  Railroad,  is  the  Chairman.  I  now 
ask  Mr.  Pohl  to  present  his  report. 

L.  F.  Pohl:  Mr.  President,  members  and  guests: 

In  accordance  with  the  secretary's  request  that  all  Manual  material  be  brought  up 
to  date  prior  to  the  reprinting  of  the  Manual  in  1962,  your  subcommittee  has  during 
the  past  year  reviewed  Farts  1,  2  and  3  of  Chapter  14.  New  material  has  been  added  as 
appropriate,  and  the  outdated  material  has  been  eliminated.  However,  references  t<>  the 
Proceedings  have  been  inserted  so  that  the  deleted  material  can  be  made  available. 

The  recommendations  of  your  subcommittee  pertaining  to  revision  of  Tart.-  1  and  2 
of   Chapter   14  have  been   presented   to  the  Association  in   Bulletin   560. 

Mr  President.  I  move  that  Part  1  of  Chapter  14  of  the  Manual  lie  reapproved 
without  change,  and  that  Part  2  be  reapproved  with  thf  revisions  as  shown  on  pages 
256  to  259  inch,  of   Bulletin  560,  and  that   these  changes  lie  incorporated  in  the  Manual 

[The  motion   was  duly   seconded,  was  put  to  a  vote,  and  carried.] 

CHAIRMAN    Kri.fi  i\<;:    The   review   of  Part   3 — Freight     Terminals,   up   to   the   section 

on  LCL  Freiuht  Terminals  has  been  carried  out  bj  Subcommittee  i  l>.  of  which  I-  \ 
lbs-,  maintenance  of  way  engineer  for  the  fndiana  Harbor  Belt  Railroad,  is  the  chair- 
man   Mr.  Hess  will  now   present  his  report. 
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F.  A.  Hess:  Your  committee  has  reviewed  Part  3 — Freight  Terminals,  Sees.  A 
through  I),  of  Chapter  14,  Yards  and  Terminals,  of  the  Manual  and  has  recommended 
a  number  of  changes  to  bring  the  material  up  to  date  and  to  make  additions  thereto 
with  respect  to  material  not  now  appearing  in  the  Manual.  Your  committee  submits 
for  adoption  the  recommendations  with  respect  to  Part  3 — Freight  Terminals,  appearing 
<in  pages  260,  261  and  262  of  Bulletin  560.  Mr.  President,  I  so  move. 
[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 
Chairman  Krefting:  The  review  of  Sees.  E,  F,  G,  H  and  I  of  Part  3  has  been 
carried  out  by  Subcommittee  1-c,  of  which  B.  G.  Packard,  office  engineer  for  the  Chi- 
cago &  North  Western  Railway,  is  the  chairman.  I  would  ask  Mr.  Packard  to  present 
his  report. 

B.  G.  Packard:  Material  in  Sees.  E,  F,  G,  H,  and  I  of  Part  3  Freight  Terminals, 
page  14-3-12.2  to  14-3-17  of  Chapter  14  of  the  Manual  was  assigned  to  this  sub- 
committee for  possible  revision. 

Sec.  G  covering  Produce  Terminals  was  last  approved  in  1953,  while  Sees.  E  and  F 
were  last  reviewed  in  1958,  and  Sees.  H  and  I  in  1959. 

Frequent  changes  in  handling  produce  occasioned  by  rulings  of  the  United  States 
Department  of  Agriculture  made  it  necessary  to  make  more  extensive  changes  in  Sec.  G. 
Guidance  for  these  changes  was  furnished  by  the  Agricultural  Marketing  Service  of  the 
United  States  Department  of  Agriculture. 

Changes  in  the  other  sections  covered  by  this  assignment  are  minor  in  nature,  and 
more  or  less  editorial,  but  are  recommended  in  order  to  bring  the  subject  material  in 
conformity    with    current    practices. 

Mr.  President,  I  move  that  the  recommendations  for  Manual  changes  as  presented 
on  pages  262  and  263  of  Bulletin  560,  be  adopted. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  2 — Classification    Yards,   Collaborating  with   Committee   16. 

Chairman  Krefting:  For  this  assignment  we  have  two  subcommittees,  one  dealing 
with  car  rollability  and  the  other  with  length  of  freight  cars  as  a  basis  for  track 
capacity. 

Assignment  2  (a) — Rollability  of  Cars. 

Chairman  Krefting:  Committee  14  is  vitally  interested  in  car  rollability  and  the 
subcommittee  has  been  quite  active  in  securing  test  data  during  the  past  year.  F.  R. 
Smith,  chief  engineer  of  the  Union  Railroad,  is  chairman  of  this  subcommittee,  and 
I  ask  that  Mr.  Smith  make  a  progress  statement  at  this  time. 

F.  R.  Smith:  The  subject  of  Rollability  of  Cars  was  first  presented  by  Committee 
14  as  a  special  feature  at  the  1957  Convention.  Since  the  initial  presentation  there  has 
been  one  progress  report,  and  some  research  has  been  performed  by  industry  and  the  AAR 
Research  Center.  Last  summer  the  AAR  research  people  conducted  tests  at  the  Potomac 
Yard  of  the  Richmond,  Fredericksburg  &  Potomac  Railroad,  but  there  was  not  sufficient 
time  to  analyze  these  data  for  presentation  in  the  Bulletin.  We  are  submitting  a  report 
today  covering  these  tests,  as  well  as  other  progress  that  has  been  made  relative  to  this 
subject.  The  report  shows  the  potential  benefits  that  will  accrue  to  the  railroad  industry 
from  the  proposed  research.  It  also  contains  a  summary  of  the  factors  affecting  car 
rolling  performance.  We  urge  all  Association  members  to  carefully  review  this  report  in 
the  Proceedings,  and  make  every  possible  contribution  toward  continuing  the  necessary 
important  research  on  rollability  of  cars. 
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Reliability  of  Cars:i: 

Your  committee  submits  the  second  progress  report,  as  information  on  the  rollability 
of  railroad  freight  cars. 

General 

The  initial  presentation  of  this  subject  was  a  special  feature  in  1957.  The  report 
appears  in  the  Proceedings,  Vol.  58,  page  1118,  and  the  first  progress  report  in  Vol.  60, 
page  291.  We  are  soliciting  the  support  of  every  member  of  our  Association,  every  mem- 
ber of  the  Mechanical  Division,  all  suppliers  of  railroad  products  related  to  the  subject, 
and  all  other  people  interested  in  the  railroad  industry  to  continue  research  on  the  roll- 
ability  of  cars  to  a  successful  conclusion  however  long  it  may  take  to  accomplish  this 
important  objective. 

In  an  endeavor  to  learn  more  about  the  inconsistent  behavior  of  rolling  railroad 
cars  a  joint  effort  has  been  under  way  between  the  Mechanical  and  Engineering  Divisions 
of  the  AAR.  The  subject  is  currently  assigned  to  the  Joint  Committee  on  Relation 
Between  Track  and  Equipment.  Because  of  limited  research  funds  in  recent  years  only 
a  little  work  has  been  accomplished  on  this  important  subject,  which  should  be  kept 
active  until  more  information  not  now  available  is  obtained.  The  importance  of  this 
subject  to  Committee  14  is  related  to  the  design  and  operation  of  automatic  classifica- 
tion yards  where  economical  operations  are  always  sought.  The  signal  companies  have 
done  an  excellent  job  in  developing  equipment  for  producing  so-called  automatic  yards. 
Infurtunately,  for  reasons  not  now  known  and  for  which  research  is  the  only  avenue 
of  solution,  a  given  railroad  freight  car  will  act  differently  at  different  times  and  places. 
Techniques  and  equipment  are  available  for  making  highly  accurate  determinations  of 
the  instantaneous  or  average  rolling  resistance  of  cars.  In  a  hump  yard,  this  information, 
together  with  distance  to  coupling  and  route  resistance  factors  can  be  fed  to  an  analog 
computer  which  instantaneously  calculates  the  required  velocity  for  a  specific  car  as 
reckoned  from  the  test  section. 

Cars  in  first-class  mechanical  condition,  free  from  dragging  brakes,  and  running 
on  well  maintained  track  will  describe  themselves  with  sufficient  validity  In  accurately 
predict  behavior  and  to  allow  their  coupling  velocities  to  be  accurately  controlled.  Some 
cars,  however,  display  considerable  inconsistency  in  their  behavior  beyond  the  tesl  se< 
lions,  which  tends  to  nullify  the  value  of  the  accurate  rolling  resistance  measurement. 
The  explanation  of  these  inconsistencies  requires  an  examination  by  careful  research  ol 
the   factors   which   influence   rolling  resistance. 

The  same  problem  occurrinu  in  hump  yards  also  exists  at  any  point  where  railroad 
cars  arc  moved  under  the  force  of  gravity.  No  doubt  there  are  other  facilities  where 
delays,  freight  damage,  and  equipment  damage  result  from  inconsistencies  in  car  behavior 

to   a   greater  degree   than   occur  in   hump  classification  yards. 

Any  defects  in   car  running  (.'ear  or   track    which  increases   friction,  creates   heal    thai 

is  dissipated  in  hot  bearings,  worn  wheels,  or  worn  rail.  The  energy  required  to  create 
this  wa^te  product  is  applied  at  the  drawbar.  The  heat  produced  al  the  bearings  can 
contribute  to  hot  boxes  and  derailments.  This  raises  a  fundamental  question  as  to 
whether  the  railroad  industry  can  afford  this  waste,  or  should  means  be  sought  to  correct 

the  defects.  Because  of  these  undesirable  effects,  intensive  investigation  of  the  rollabilit} 

problem    appears    to    be    warranted    and    should    lie    continued    to    a    SUCCSSful    Conclusion. 


•Tin-  members  <>f  tin-  subcommittee  f"i  this  assignment  are  I-'.  K    Smith  (chairman)    H    P    CIsdd 
\    V.  Dasburg,  I>.  C.  Hastings,  and  \v.    \    \\ I 
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We  arc  fully  aware  that  there  are  voluminous  data  on  train  resistance,  but  the  type 
of  information  which  is  being  sought  is  on  the  individual  car  under  variable  conditions. 
All  available  literature  has  been  studied  without  finding  the  information  needed.  When 
more  knowledge  is  obtained  pertaining  to  the  inconsistencies  in  the  behavior  of  a  rolling 
freight  car  and  corrections  are  made,  major  benefits  will  accrue  to  the  railroad  industry 
in  the  following  areas: 

1.  Reduce  the  hundred  million  dollar  freight  loss  and  damage  expense. 

2.  Reduce  damaged  public  relations  and  dissatisfied  shippers. 

3.  Reduce  equipment  damage. 

4.  Use  less  retarders  in  hump  yards. 

5.  Minimize  yard  delays. 

6.  Save  yard  trimming. 

7.  Make  line  haul  power  more  productive. 

8.  Improve  car  utilization. 

9.  Reduce  car  inventory. 

10.  Minimize  faulty  track  layout  designs. 

11.  Eliminate  some  derailments. 

12.  Eliminate  some  hot  boxes. 

13.  Reduce  rail  and  wheel  damage. 

This  impressive  list  of  potential  economies  that  can  accrue  to  the  railroad  industry 
appears  to  justify  the  acquisition  of  more  knowledge  about  the  behavior  of  the  two 
million   freight   cars  running  on  the  American  railroads. 

Potomac  Yard  Tests 

Although  funds  for  research  have  been  drastically  curtailed,  the  AAR  research  people 
were  able  to  determine  and  prove  conclusively  the  importance  of  research  by  doing 
some  testing  in  1960.  They  were  assisted  in  this  effort  with  the  use  of  people,  equipment, 
and  facilities  contributed  by  the  Richmond,  Fredericksburg  &  Potomac  Railroad,  the 
Union  Switch  and  Signal  Company  and  the  General  Railway  Signal  Company.  The  tests 
were  conducted  in  the  RF&P  yard  at  Alexandria,  Va.,  during  the  period  August  8-30, 
1960,  under  the  direction  of  Randon  Ferguson,  electrical  engineer  of  the  Research  Cen- 
ter, AAR.  The  general  approach  to  this  testing  was  to  obtain  cars  from  the  yard  which 
were  hard  rollers  and  compare  the  rolling  resistance  of  the  car  as  received  in  the  yard 
with  that  after  certain  changes  were  made  for  improvement.  A  total  of  408  test  runs 
were  made,  utilizing  7  freight  cars. 

Observations  made  during  the  testing  were:  (a)  skewed  trucks  on  tangent  track, 
(b)  dragging  brakes,  (c)  wind  up  to  12  mph,  (d)  poor  center  plates,  (e)  comby  wheels, 
(f)  hollow  wheel  treads,  (g)  wheel  diameter  difference  of  }i  in,  (h)  side  bearing  clear- 
ance from  tight  to  J/2  in. 

Changes  made  intended  to  improve  rolling  resistance  were:  (a)  grease  outer  rail 
on  curves,  (b)  apply  regular  grease  on  center  plate,  (c)  moly  grease  on  center  plate, 
(d)  add  liners  for  side  bearing  clearance,  (e)  grease  side  bearings,  (f)  add  nylon  moly 
content  liners  in  center  plate,  (g)  add  brass  liners  in  center  plate,  (h)  tighten  brake  rods 
for  rod  eccentricity. 

While  funds  were  entirely  inadequate  to  produce  conclusive  and  comprehensive  re- 
sults, the  data  developed  proved  the  importance  of  continuing  an  extensive  research 
program.  The  summary  results  of  the  Potomac  Yard  tests  clearly  illustrate  the  potential 
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improvements  we  have  at  our  disposal  to  produce  better  car  behavior.  For  loaded  cars 
the  average  rolling  resistance  in  terms  of  percent  grade  was  reduced  from  0.38  to  0.29 
on  curved  track  and  from  0.29  to  0.16  on  tangent  track.  For  empty  cars  the  average 
rolling  resistance  in  terms  of  percent  grade  was  reduced  from  0.38  to  0.37  on  curved 
track  and  from  0.23  to  0.20  on  tangent  track.  These  resistances  were  developed  by  cor- 
recting for  wind  velocity.  The  data  are  too  sketchy  to  be  conclusive,  but  certainly 
demonstrate  the  need  for  thorough  and  exhaustive  study. 

Canadian  Pacific  Railway  Tests 

A  report  circulated  by  letter  dated  August  16,  1960,  by  Fred  Peronto,  executive  vice 
chairman,  Mechanical  Division,  AAR,  contains  interesting  information  developed  through 
research  by  the  Canadian  Pacific  Railway.  This  research  was  directed  at  the  center  plate 
condition  in  an  endeavor  to  determine  how  better  truck  slewing  could  be  accomplished. 
Permission  to  use  these  data  was  obtained  from  L.  B.  George,  chief  of  motive  power 
and  rolling  stock  for  the  Canadian  Pacific  Railway. 

While  the  Canadian  Pacific  has  greatly  improved  its  hot  box  statistics  both  in  winter 
and  in  summer  by  improving  its  center  plate  bearing  condition,  we  have  here  also  a 
major  source  of  rolling  resistance  irregularity  because  of  the  truck  not  slewing  to  con- 
form to  track  alinement.  A  drag  is  caused  on  curves  and  on  tangent  track  after  the  car 
has  traversed  a  curve.  The  Canadian  Pacific  tests  conducted  in  1958  demonstrated  that 
high  center  plate  resistance  causes  excessive  lateral  thrust  at  journal  fillets  and  axle  end 
collars,  which  is  a  factor  in  creating  over-heated  journals.  Their  tests  determined  the 
torque  required  to  move  the  center  plate  in  short  arcs  under  a  truck  load  of  64,000  lb. 
The  torque  dropped  from  8500-9500  ft-lb  for  a  dry  standard  plate  to  1500-1800  ft-lb 
for  a  grit-blasted  molybdenum-dissulphide-lubricated  plate.  These  data  are  additional 
evidence  of  what  can  be  done  to  improve  truck  slewing. 

Objectives 

To  summarize  the  objectives  of  the  proposed  research  and  investigation,  Table  I 
entitled  Factors  Affecting  Car  Rolling  Performance  has  been  developed.  The  several 
Car  Factors  and  Factors  Other  Than  Car  for  which  more  knowledge  is  needed  arc  tab- 
ulated. The  influence  on  car  performance  caused  by  these  factors  is  shown  in  Cols.  2 
to  8.  It  is  essential  that  the  subject  of  reliability  of  cars  be  kept  active  until  more  knowl- 
edge is  obtained  pertaining  to  the  inconsistency  in  car  behavior.  It  is  incredible  that  the 
industry  is  devoid  of  this  basic  information.  We  have  here  an  opportunity  to  derive 
major  improvements  in  the  operation  and  economy  of  the  railroad  industry.  A  united 
effort  is  solicited  from  all  interested  parties  to  promote  and  sponsor  the  needed  research 
and  investigation. 

Assignment  2  (b) — Length  of  Freight  Cars  as  Basis  for  Track  Capacity. 

Chairman  Krefting:  G.  H.  Chabot,  assistant  to  chief  engineer,  Chesapeake  &  Ohio 
Railway,  is  chairman  of  the  subcommittee  that  made  the  study  on  length  of  freight  cars 
as  a  basis  for  track  capacity,  and  I  ask  that  he  present  his  report  at  this  time. 

G.  H.  Chabot:   Mr.  President,  members  and  guests: 

Your  committee  in  its  analysis  of  freight  car  lengths  has  prepared  a  group  of  six 
tables  as  an  aid  in  predetermining  the  car  capacity  of  yard  tracks  for  any  general  or 
specific  conditions.  The  results  in  these  tables,  which  are  expressed  in  values  of  average 
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equated  or  weighted  car  lengths,  were  derived  from  a  study  of  nearly  1,700,000  cars, 
approximately  80  percent  of  all  the  cars  in  service  today  on  the  North  American  con- 
tinent. 

As  everyone  will  agree,  the  trend  today,  as  it  was  in  the  past,  is  towards  the  fabrica- 
tion of  longer  cars,  the  length  of  new  cars  built  seems  to  be  increasing  from  year  to 
year.  It  is  surprising  to  note  that  during  the  last  decade  the  overall  average  weighted  car 
length  has  only  increased  some  2  ft  8  in,  when  comparing  the  present  results  with  those 
of  a  similar  report  prepared  and  presented  by  this  committee  in   1949. 

Since  the  present  average  equated  car  length  has  been  determined  at  45  ft  8%  in> 
and  since  the  Manual  states  that  a  length  of  not  less  than  45  ft  should  be  used  in  deter- 
mining the  capacity  of  yard  and  terminal  tracks,  the  use  of  the  45  ft  per  car  may  apply 
and  satisfy  many  cases.  However,  when  computing  the  track  capacity  for  special  condi- 
tions, consideration  should  be  given  to  the  use  of  greater  car  lengths,  as  demonstrated 
in  the  prepared  tables  presented  in  the  report  of  your  committee. 

Assignment  3 — Scales   Used  in  Railway  Service. 

Chairman  Krefting:  Subcommittee  3  has  been  quite  active  during  the  year  study- 
ing scale  problems.  It  has  also  supervised  tests  on  so-called  short  scales  arranged  for 
two -draft  motion  weighing.  The  subcommittee  is  not  yet  ready  to  make  its  report  on 
these  tests,  but  it  does  have  some  recommended  revisions  in  Part  5  of  Chapter  14  of  the 
Manual,  which  covers  railway  track  scales. 

Hubert  Phypers,  supervisor  of  scales  and  weighing,  Central  Region,  Canadian  Na- 
tional Railways,  is  the  chairman  of  this  subcommittee,  and  I  would  ask  that  he  make 
his  report  at  this  time. 

H.  Phypers:  This  committee  is  completing  a  report  on  "Weighing  Freight  Cars  by 
the  Two-draft  Method,"  which  we  hope  to  present  in  the  Bulletin  next  fall.  We  are 
also  studying  further  revisions  of  Part  5  of  Chapter  14  of  the  Manual,  looking  to  bring- 
ing it  up  to  date  with  respect  to  new  weighing  equipment,  and  electronic  single-draft 
motion  weighing  on  the  down  grade  of  new  high-speed  hump  classification  yards. 

Bulletin  560,  pages  273  to  276  covers  revisions  to  Manual  specifications  for  scales 
in  connection  with  the  use  of  structural  steel  for  lever  stands  on  various  types  of  scales; 
also  revisions  in  testing  tolerances  for  railway  track  scales  used  for  grain  weighing. 

Committee  14  recommends  that  the  changes  to  Part  5  of  Chapter  14  of  the  Manual, 
as  outlined  on  pages  273  to  276  of  Bulletin  560,  be  made. 

Mr.  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment   4 — Specialized   Construction   Required   in   Retarder    Yards. 

Chairman  Kki  i ting:  L.  J.  Riekenberg,  construction  engineer,  Santa  Fe,  is  chair- 
man of  Subcommittee  4.  but  could  not  be  lure,  so  his  report  will  be  submitted  1  >> 
R.  O.  Balsters,  assistant  engineer,  Santa  Fc. 

R.  O.  BALSTERS:  The  final  report  on  this  assignment  can  be  found  on  page  276  of 
Bulletin  560.  It  covers  special  construction  used  in  retarder  equipped  classification  yards 
but  not  necessarily  restricted  to  such  yards  since  many  of  the  special  features,  such  as 
towers  inspection  pits,  journal  oilers,  etc.,  are  equally  useful  in  either  the  conventional 
or  retarder  yards.  Certain  other  items,  such  as  the  resistance-mcasurim:  area  tor  both 
tangent  and  curved  track,  rctarders  and  their  foundations  and  other  similar  facilities 
pertain  only  to  retarder  yards. 

This  report  is  presented  as  information. 
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Assignment  5 — Simplification  in  Yard  and  Terminal  Design,  and  Result- 
ing Economy,  Following   Complete  Dieselization. 

Chairman  Krefting:  R.  H.  Peak,  division  engineer,  Illinois  Central  Railroad,  is 
chairman  of  the  subcommittee  that  made  the  study  under  Assignment  5.  Will  Mr.  Peak 
now  make  his  report. 

R.  H.  Peak:   Mr.  President,  gentlemen: 

This  subject  originated  with  the  thought  by  some  of  our  members  that  considerable 
savings  could  be  made  by  changing  our  yard  and  terminal  construction  standards  to 
take  advantage  of  the  superior  ability  of  the  diesel  engine  to  handle  sharp  curves  and 
steep  grades. 

The  report  gives  the  position  of  11  railroads  on  this  matter.  Some  savings  in  con- 
struction costs  are  available  along  these  lines,  but  they  must  be  balanced  against  the 
higher  maintenance  costs  of  sharp  curves  and  turnouts. 

The  long  trailer-on-flat-car  cars  now  coming  into  use  will  also  prevent  the  full 
realization  of  the  possible  savings  in  increased  curvature. 

Assignment  6 — Facilities  for  Loading  and  Unloading  Rail-Truck  Freight 
Equipment. 

Chairman  Krefting:  Our  committee  has  worked  on  this  subject  for  a  number  of 
years,  H.  J.  McNally,  area  enginer,  Pennsylvania  Railroad,  is  chairman  of  the  sub- 
committee and  will  now  present  his  report. 

H.  J.  McNally:  As  you  know  the  so-called  piggy-back  operation  on  our  railroads 
is  the  fastest  growing  segment  of  the  business.  There  continues  to  be  considerable  activity 
in  construction  of  new  terminals.  The  Association  adopted  descriptive  Manual  material 
relating  to  terminal  design  at  the  last  Convention.  Revision  of  this  material  is  proposed 
this  year  and  it  can  be  expected  that  additional  revision  and  supplementation  will  con- 
tinue to  take  place  in  the  next  few  years. 

Your  committee  recommends  that  the  material  shown  in  report  on  Rail-Truck 
Loading  and  Unloading  Facilities,  page  279,  Bulletin  560,  November,  1960,  be  adopted 
and  published  in  the  Manual  as  a  revision  of  the  present  descriptive  matter. 

Mr.  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  7 — Water  Front   Terminals. 

Chairman  Krefting:  Under  this  general  subject  we  have  had  a  subcommittee  make 
a  study  on  "General  Cargo  Piers  and  Wharves."  W.  E.  Webster,  Jr.,  senior  engineer, 
Baltimore  &  Ohio  Railroad,  is  chairman  of  this  subcommittee  and  will  make  the  report. 

W.  E.  Webster,  Jr.:  Recognizing  that  many  of  the  existing  installations  are  aging 
and  are  costly  to  operate,  this  report  sets  forth  in  a  broad  sense  some  of  the  standards 
and  criteria  used  by  port  planners  and  designers  to  meet  current  and  future  requirements. 

The  selection  of  site,  the  type  and  form  of  construction,  principal  dimensions,  and 
supporting  facilities  are  all  briefly  covered  in  this  report.  Also  included  is  a  sketch 
showing  the  layout  of  the  Norfolk  &  Western  Pier  N  at  Lambert  Point,  Va.  This  report 
is  submitted  as  information. 

Assignment  8 — Present    Trends   in    Yard  Maintenance. 

Chairman  Krefting:  Last  year  a  progress  report  was  submitted  on  certain  phases 
of  this  subject.  This  year  further  study  was  made  on  another  aspect.  C  J.  Morris,  area 
manager,  Canadian  National  Railways,  London,  Ont.,  is  chairman  of  the  subcommittee 
and  will  make  the  report. 
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C.  J.  Morris:  Yards  are  being  maintained  to  increasingly  higher  standards  in  order 
to  secure  greater  overall  economies  in  yard  operations.  The  higher  standards  are  being 
attained  through  use  of  better  materials  and  increased  mechanization,  which  are  covered 
in  this  year's  report,  and  by  more  programming  of  work,  better  deployment  of  nun, 
and  greater  cooperation  from  operating  personnel,  which  will  be  the  subject  of  next 
year's  report. 

The  present  trend  in  the  maintenance  of  leads,  ladders,  thoroughfare  tracks  and 
tracks  containing  speed-control  devices,  is  to  use  the  same  types  of  materials  as  are  used 
in  main-line  maintenance.  These  comprise  crushed  rock  or  equivalent  made  ballast,  large 
ties,  double-shoulder  tie  plates,  115  lb,  132  lb  or  heavier  section  rail,  and  7-  by  9-in 
treated  switch  ties. 

There  is  a  definite  trend  towards  the  use  of  solid  manganese  self-guarded  frogs 
which  have  a  long  life;  automatic  switch  stands  which  reduce  the  damage  caused  by 
run-through  operations;  electrically  lighted  switch  lamps  and  reflectorized  materials  on 
switch  stand  targets.  There  has  been  a  rapid  increase  in  the  use  of  electric,  propane  and 
gas  burning  switch  heaters  as  well  as  blowers  for  snow  removal. 

Generally  gravel  ballast,  second-hand  single-shoulder  tie  plates  and  rail  85  lb  or 
heavier  are  bein<:  used  in  body  and  other  yard  tracks.  Walkways  ahum  ladders  and  in 
intertrack  areas  are  being  maintained  with  crushed  rock  fines  or  with  well  graded  road 
gravel. 

Because  of  reduced  manpower  allotments,  work  equipment  which  is  used  normally 
for  main-line  maintenance  and  which  was  considered  to  be  too  cumbersome  for  yard  use, 
has  had  to  be  brought  into  yards  to  perform  essential  maintenance.  It  has  proven  to  be 
reasonably  well  suited  for  this  purpose.  What  is  more  important,  it  has  permitted  better 
maintenance  to  be  performed  at  lower  cost  and  as  a  consequence  will  accelerate  both 
the  use  of  work  equipment  in  yard  maintenance  and  the  modification  of  machine  design, 
where  necessary,  to  improve  its  adaptability  to  yard  use.  Generally,  two  tracks  must  be 
taken  out  of  service  to  permit  the  use  of  work  equipment. 

Truck-mounted  hoists  are  being  used  to  handle  frogs  and  other  heavy  parts.  Frogs 
and  points  are  being  field  welded  using  mobile  equipment.  They  are  being  heat  treated 
and  flame  hardened  at  centralized  repair  shops.  Explosive  hardening  is  being  experi- 
mented with.  These  and  other  means  of  mechanizing  yard  maintenance  are  outlined  in 
^onie  detail  in  this  year's  report. 

Prksidknt  Brown:  Before  we  proceed  further,  may  I  say  again  that  we  welcome 
discussion  from  the  floor.  This  is  one  of  our  larger  and  more  important  committees 
reporting  on  a  number  of  subjects  very  vital  in  this  day  and  age  of  modern  terminals. 
I  am  sure  someone  must  have  a  question  thai  lie  would  like  to  ask.  There  is  enough 
talent  up  here  to  answer  any  question  you  might  have.  Apparently  you  are  perfect, 
Mr.  Krefting. 

Introduction  of  Special  Feature 

Chairman  Krefting:  Mr.  President,  at  this  time  our  committee  would  like  to  show 

a    motion    picture    <.l    I  he   automatil     retarder   yard    which    the    Missouri    Pacific    Railroad 

constructed  at  Kansas  City,  Mo.  The  committee  had  the  pleasure  oi  inspecting  the  yard 
last  spring  and  ol  previewing  the  film. 

Bill  Giles,  a  member  of  this  committee  for  some  JO  years,  and  iis  chairman  during 
the  years  L949  to  1952,  had  a  large  pari  in  the  design  and  construction  ol  this  yard, 
and  therefore  we  feel  thai  the  committee  indirectly  played  a  part  in  its  design  and 
construction.  The  movie  \\a~  made  1  .>    the  Missouri  i'a<iiic    Railroad's  Public   Relations 

Bull.  .-.i;.\ 
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Department,  which  also  added  the  narration  and  sound  effects.  The  film  might  therefore 
be  called  "homemade",  but  I  am  sure  you  will  find  the  results  are  excellent. 

[The  motion  picture  was  shown.]    [Applause] 

President  Brown:  This  concludes  the  report  of  Committee  14.  Thank  you,  Mr. 
Knt ting,  and  members  of  your  committee,  for  your  interesting  and  informative  reports, 
and  ior  the  attention  that  you  have  given  to  the  review  and  revision  of  documents  in 
your  Chapter  of  the  Manual. 

Thank,  you  also  for  bringing  to  us  the  splendid  motion  picture  on  the  Neff  Yard 
Project,  which  was  certainly  an  outstanding  project.  I  cannot  refrain  from  congratulating 
one  of  your  committee  members — W.  H.  Giles,  retired  assistant  chief  engineer,  Missouri 
Pacific — who  played  such  an  important  part  in  the  design  and  construction  of  this 
Yard. 

Thank  you  again,  Mr.  Krefting.  Your  committee  is  now  excused  with  the  thanks 
of  the  Association.   [Applause] 

Discussion  on  Economics  of  Railway  Location  and  Operation 

[For  report,  see  Bulletin  560,  pp.  189-234] 

[President  Brown  presiding.] 

President  Brown:  Moving  along,  we  will  hear  next  from  our  Committee  16 — 
Economics  of  Railway  Location  and  Operation.  I  would  greatly  appreciate  the  members 
of  this  Committee  coming  to  the  speaker's  table  promptly. 

The  chairman  of  this  Committee  is  C.  L.  Towle,  chief  engineer,  Detroit,  Toledo  & 
Ironton  Railroad,  at  Dearborn,  Mich.  Mr.  Towle,  please  proceed  with  the  presentation 
of  your  report. 

Chairman  C.  L.  Towle:   Mr.  President,  members  of  the  Association  and  guests: 

Your  committee  is  reporting  on  7  of  its  11  assignments.  These  are  presented  on 
pages  189  through  234,  Bulletin  560.  Two  of  these  are  final  reports  and  four  are  progress 
reports  submitted  as  information.  One  progress  report  will  be  presented  for  adoption 
as  Manual  material.  Your  committee  invites  your  comments  regarding  its  presentations 
and  will  be  glad  to  reply  to  any  questions  raised  thereon. 

Assignment   1 — Revision   of  Manual. 

Chairman  Towle:  A.  S.  Lang,  assistant  professor  of  transportation  engineering, 
Massachusetts  Institute  of  Technology,  subcommittee  chairman,  will  present  the  report 
on  Assignment  1. 

A.  S.  Lang:  Your  subcommittee  has  submitted  16  pages  of  new  material  to  replace 
that  now  appearing  on  pages  16-3-1  through  16-3-26  of  the  Manual.  This  material 
deals  with  the  subject  of  motive  power,  and  comprises  the  whole  of  what  will  become 
Part  3  of  the  complete  revision  of  Chapter  16  which  is  now  underway. 

The  new  material  differs  in  three  major  respects  from  that  which  it  replaces:  (1) 
Subjects  which  were  treated  in  several  places  are  now  given  a  thorough  treatment  in 
but  one  place  and  the  whole  of  the  material  has  been  rearranged  in  a  more  logical 
fashion;  (2)  The  material  on  steam  locomotives  has  been  drastically  reduced;  and 
(3)  The  lengthy  treatment  of  techniques  for  computing  tractive-effort  curves  in  the 
absence  of  manufacturer's  data  has  been  eliminated. 

The  new  material  falls  under  five  major  headings:  (1)  General,  (2)  Electric  Loco- 
motives, (3)  Diesel-Electric  Locomotives,  (4)  Steam  Locomotives,  and  (5)  Other  Types 
of  Motive  Power. 
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The  sections  on  electric  and  diesel-electric  locomotives  have  been  given  an  identical 
organization  uder  three  headings:  (1)  General,  (2)  Operating  Characteristics,  and  (3) 
Electric  Braking. 

Figures   are    given    to    show    speed-tractive    effort    characteristics    for    typical   electric, 
diesel-electric,  and  steam  locomotives. 

In  preparing  this  new  material  the  maximum  emphasis  was  placed  on  its  usefulness 
to  the  practicing  engineer  faced  with  railway  locating  and  operating  problems  who  was 
unfamiliar  with  the  subject  matter  and  the  literature  on  it.  References  and  a  bibliography 
were  included   for  those  desiring  more  detailed  treatment. 

Mr.  President,  I  move  that  this  report  be  adopted  and  inserted  in  the  Manual  to 
replace  material  now  appearing  in  Chapter  16,  pages  16-3-1  through  16-3-26. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  2 — Effect  of  Degrees  of  Curvature  on  Cost  of  Track 
Maintenance. 

Chairman  Towle:  The  report  on  Assignment  2  will  be  presented  by  Subcommittee 
Chairman    L.    P.    Diamond,   assistant   engineer   research,    Chesapeake   &   Ohio    Railway. 

L.  P.  Diamond:  Studies  of  the  effect  of  degrees  of  track  curvature  on  cost  of  track 
maintenance  have  shown  that  any  influence  exerted  by  tie  replacement,  ballasting,  sur- 
facing, smoothing,  and  miscellaneous  operations  such  as  shimming,  lining,  etc.,  arc 
usually  offset  by  other  factors  which  govern  maintenance  of  way  policy. 

The  only  track  components  whose  costs  of  maintenance  are  demonstrably  affected 
by  curvature  are  rail  and  other  track  materials  associated  with  rail. 

Rail  deterioration,  and  costs  influenced  thereby,  may  be  measured  by  the  rate  of 
rail  head  wear  occasioned  by  traffic  usage  under  a  wide  range  of  railroad  conditions. 
Rail  deterioration,  in  turn,  may  be  employed  as  a  basis  for  determination  of  economic 
replacement  of  rail  in  track. 

Measurements  of  many  thousands  of  rails  under  various  and  representative  condi- 
tions indicate  that  physical  deterioration  of  rail  as  affected  by  curvature  increases  rap- 
idly up  to  4  deg,  after  which  the  increase  levels  off  gradually  on  curves  9  deg  and 
greater. 

Although  total  changes  in  each  of  primary  ICC  Accounts  212  through  220  are  nol 
suitable  for  accurate  determination  of  the  effect  of  curvature  upon  costs  of  track  main- 
tenance, labor-to-material  ratios  may  be  determined  from  an  analysis  of  these  accounts. 
Those  ratios  appear  on  page  208  of  the  final  report. 

Material  costs  of  other  track  materials,  associated  with  rail,  can  be  assumed  to  be 
roughly  the  same  as  rail  costs. 

Mr.  Chairman,  this  report  is  submitted  as  information  with  the  recommendation 
that  the  subject  be  discontinued. 

Assignment  3 — Determination  of  Maintenance  of  Way  Expenses  for 
Various   Traffic   Volumes. 

Chairman-  Towle:  Subcommittee  3  is  progressing  its  assignment  with  the  aid  oi  a 
study  now  being  carried  out  on  one  of  the  larger  North  American  railroads,  This  infor 
mation  will  be  correlated  with  regression  analysis  now  being  explored.  The  subcommittee 
chariman  is  L.  E.  Ward,  industrial  engineer,  Pennsylvania   Railroad. 
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Assignment  4 — Potential  Applications  of  Electronic  Computers  to 
Railway  Engineering  and  Maintenance  Problems  in  Research,  Design, 
Inventory,  etc. 

Chairman   Towle:    Subcommittee   4    has   progressed    its   assignment    by    means   of 

questionnaires  sent  to  70  railroads  to  develop  present  and  proposed  uses  of  computers 
and  types  of  engineering  problems  which  can  be  programmed  for  computers.  Under 
the  chairmanship  of  Ferdinand  Wascoe,  manager,  Bureau  of  Transportation  Research, 
Southern  Pacific,  San  Francisco,  this  assignment  is  being  advanced  by  the  preparation 
of  a  specific  computer  program  for  illustrative  purposes,  a  listing  of  available  railway 
engineering  programs  for  computers  and  a  report  on  use  of  a  computer  method  for 
simulating  train  operations  to  determine  optimum  track  layout  for  single-track  central- 
ized traffic  control.  Mr.  Wascoe,  unfortunately,  is  not  able  to  be  with  us  today. 

Assignment  5 — Methods  of  Reducing  Time  of  Freight  Cars  Between 
Loading  and   Unloading  Points, 

Chairman  Towle:  Subcommittee  S  has  completed  preliminary  compilation  of  a 
bibliography  on  the  assignment  and  is  studying  proper  plan  of  approach  to  this  enormous 
and  difficult  subject.  The  subcommittee  chairman  is  George  Rugge,  assistant  engineer, 
Santa  Fe. 

Assignment  6 — Features  of  Economic  and  Engineering  Interest  in  the 
Study,  Design,  Construction  and  Operation  of  New  Railway  Line  Projects, 
or  Major  Line  Relocations,  Proposed,  in  Progress  or  Recently  Completed. 

Chairman  Towle:  The  report  on  Assignment  6  will  be  presented  by  Subcommittee 
Chairman  T.  D.  Wofford,  Jr.,  engineer  of  design,  Illinois  Central  Railroad. 

T.  D.  Wofford,  Jr.:  Your  committee  is  pleased  to  present  in  its  report  two 
outstanding  railroad  construction  projects. 

One  of  these  projects  involves  a  new  line  construction  in  Missouri  on  the  Missouri 
Pacific  Railroad  identified  as  the  "Pea  Ridge  Line."  The  report  has  been  ably  prepared 
by  George  Sowers,  assistant  construction  engineer. 

The  other  project  involves  a  major  new  line  construction  in  Quebec  on  the  Canadian 
National  Railways  identified  as  the  "Beattyville,  Chibougamau  Branch  Line."  This  out- 
standing report  was  prepared  by  J.   C.  Martin,  terminal  design  engineer. 

It  is  believed  you  will  find  these  reports  interesting  to  read  and  informative,  as  they 
contain  comprehensive  information  on  the  economic  justification,  reconnaissance,  design, 
location,  construction   and   operation   of   the   new   lines.   If  you   are  interested  in   some 
particular  feature  of  these  new  lines  that  is  not  covered  in  the  reports,  I  am  sure  the 
authors  will  be  glad  to  answer  any  questions  that  you  wish  to  raise. 

This  is  the  first  report  on  Assignment  6  since  the  topic  was  given  to  Committee  16. 
Your  committee  is  developing  information  of  economic  and  engineering  interest  on  sev- 
eral current  projects  both   in   this  country   and  in   Canada  and  is  looking   forward   to 
bringing    you    further   presentations   during   this   convention   and   in   subsequent    reports. 

Mr.  President,  this  report  is  submitted  as  information. 

Assignment  7 — Engineering,  Maintenance  and  Operating  Benefits  to  Be 
Derived  from   Increased  Joint   Use  of  Railway  Facilities. 

Chairman  Towle:  In  the  absence  of  Subcommittee  Chairman  J.  W.  Barriger,  presi- 
dent, Pittsburgh  &  Lake  Erie  Railroad,  the  report  on  Assignment  7  will  be  presented  by 
K.  A.  Werden,  district  engineer,  Pennsylvania  Railroad. 
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K.  A.  Werden:  Mr.  President,  members,  and  guests.  \'our  committee  submits 
progress  report  containing  example  oi  i  relatively  small  coordination  project  but  which 
includes  tremendous  economic  benefit  because  it  has  obviated  the  reconstruction  of  a  steel 

bridge   and   trestle   that    would   have   involved   replacement   cost   in   excess   of   a   million 
dollars. 

It  is  pleasing  to  note  that  consolidation  of  railway  properties  is  at  Ion;,'  last  making 
good  headway,  as  evidenced  by  those  which  have  been  concluded  and  the  negotiations 
under  way  for  other  amalgamations  that  will  have  a  far  reaching  effect  on  the  railroad 
industry,  but,  in  the  meantime,  continued  exploration  of  coordination  possibilities  is 
essential  for  effective  railroad  management. 

If  there  are  any  questions  from   the   Boor,  we  will  be  pleased   lo  discuss  them. 

Mr.  President,  this  report  is  submitted  as  information  with  the  recommendation 
that  the  subject  be  continued. 

Assignment   8 — Innovations   in    Railway    Operations. 

CHAIRMAN  Towle:  Subcommittee  8  is  exploring  the  field  for  new  and  worthwhile 
topics  and  urges  all  AREA  members  to  forward  their  suggestions  on  new  developments 
for  investigation  and  report.  The  subcommittee  chairman  is  A.  L.  Sams,  principal 
assistant  engineer,  Illinois  Central  Railroad. 

Assignment  9 — The  Effect  of  Equated  Mileage  and  Traffic  Tonnages 
as  Bases  for  Allocation  of  Available  Funds  for  Maintenance  of  Way 
Operations  on  Main  and  Branch  Lines. 

Chairman  Towle:  This  subcommittee  has  progressed  its  study  of  budget  allocation 
methods  used  by  various  railroads;  but  since  the  work  on  this  assignment  is  dependent 
upon  results  determined  under  Assignment  3,  the  two  subcommittees,  with  the  approval 
of  the  Board  of  Direction  will  henceforth  be  consolidated  so  that  further  concentrated 
progress  may  be  made  upon  these  important  and  difficult  assignments.  The  subcommittee 
chairman  is  J.  W.  Bolstad,  chief  engineer,  Fort  Dodge,  Des  Moines  &  Southern. 

Assignment  10 — Methods  of  Minimizing  Cost  of  Construction  and 
Maintenance  of  Industry  Tracks  to  Improve  the  Competitive  Position  of 
Railways. 

CHAIRMAN  TOWLE:  The  report  on  Assignment  10  will  be  presented  by  Subcommittee 
Chairman    Bruce   Miller,   regional   engineer,   Pennsylvania    Railroad. 

Bruce  Miller:  Mr.  President,  members,  guests: 

Your  committee  submits  the  following  summation  of  a  report,  as  information  on 
some  methods  which  will  help  in  the  reduction  of  costs  to  industry  in  maintaining  rail 
service  in   their  plants. 

In  the  light  of  the  present  competitive  situation  with  constant  loss  of  revenue  t" 
truck  and  water  transportation,  we  suggest  that  a  revision  of  (IMA  billing  rules  should 
be    made    to    cover    industry    track    construction    and    maintenance.    Present    rules    wen 

derived  from  a  time  when  railroads  controlled  nearly  all  industry  transportation,  and 

although  they  probably  do  no  harm  in  inter-railroad  billing,  they  are  no  longer  applicable 
to  a   situation   where  an   industrj    track   is  merely  a   device  to  enable  the   railroad   to  sell 

transportation   and   obtain    revenue   that    can   otherwise   probablj    be   moved   by   other 
transportation  methi  ds 

It  is  recommended  that  joint  GMA  \KK\  action  be  taken  to  set  up  a  national 
code  for  use  by  all  railroads  to  assure  fair  treatment  of  all  industries  by  all  railroads. 
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Among  the  points  which  should  be  covered  by  self-imposed  regulations,  designed  to  meet 
existing  competitive  situation  and  to  enable  industry  to  closely  estimate  siding  costs  in 
all  cases  are: 

(1)  Division  of  cost  between  railroad  and  industry,  by  basic  divisions  with  ap- 
plicable traffic  volume  reduction.  This  code  should  also  set  up  controls  on 
use  and  application  of  "Team  Tracks"  and  "Easements  for  Railway  Track"  as 
well  as   location   of   industry   tracks   on   railroad   property   and   right-of-way. 

(2)  Specified  billing  practices  to  be  followed  by  railroads  on  industry  track 
charges,  including: 

(a)  applicable  labor  costs  and  surcharge; 

(b)  applicable  basis  for  material  charges,  both  new  and  second  hand,  includ- 
ing accounting  expense,  stores  expense,  handling  expense,  transportation 
expense  and  supervisory  and  inspection  expenses  and  provision  for  outside 
purchase  charges; 

(c)  applicable   equipment   rental   charge   and   handling   and   supply   expenses; 

(d)  overhead  and  engineering  charge  basis. 

(3)  Specific  provisions  for  lease  of  materials  to  industry  on  uniform  rates  and 
for  time  payment  of  labor  charges,  if  desired. 

(4)  Specific  provisions  for  handling  contract  work  charges  performed  under  rail- 
road supervision  on  industry  projects. 

(5)  Applicable  provisions  for  uniform  flat-rate  unit  costs  to  be  used  by  railroads 
for  industry  track  construction  and  maintenance  work  where  desired,  and 
accounting  methods  to  be  followed  in  handling  such  projects  as  to  reserve 
handling  for  over  run  and  under  run  on  projects. 

Included  in  this  topic  would  be  formula  for  varying  unit  costs  in  line  with 
current  labor  and  material  cost  variations. 

(6)  Provision  for  handling  grading,  drainage,  bridge  construction,  utility  shifting 
charges  and  other  irregular  expenses  not  normally  applicable  under  railroad 
unit-cost  work  by  contract  or  railroad  cost-plus  arrangement. 

This  code,  setting  up  the  basis  for  division  of  cost ;  for  all  material,  labor  and 
equipment  charges;  for  leasing  and  time  payment  arrangements;  and  for  unit-price  con- 
struction schedules,  should  be  distributed  without  charge  to  all  industries  using  or  con- 
templating railroad  sidings,  and  all  railroads  should  be  pledged  to  follow  the  code. 

Mr.  President,  this  report  is  submitted  as  information  with  the  recommendation 
that  the  subject  be  discontinued  for  this  committee. 

Assignment  11 — Review  of  Developments  in  New  Methods  and  Modes 
of   Transport. 

Chairman  Towle:  The  report  on  Assignment  11  will  be  presented  by  Subcommittee 
Chairman  Frank  Richter,  publisher,  Modern  Railroads. 

Frank  Richter:  The  past  year's  work  of  this  group  resulted  in  a  special  report  on 
containerization  which  was  submitted  as  information. 

Under  Assignment  11,  your  committee  reports  on  developments  in  new  methods 
of  transportation.  If  this  assignment  were  followed  precisely,  containerization  could  not 
very  well  be  considered — for  it  is  not  literally  a  new  method  of  transportation. 

However,  the  growth  of  piggyback  transportation  has  caused  a  renewal  of  interest 
in  transporting  goods  in  containers  that  can  be  separated  from  the  carrying  vehicle. 
In  the  past  year,  its  growth  has  been  particularly  impressive  in  the  maritime  industry. 
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In  mid-1960  there  were  in  the  neighborhood  of  50,000  genera]  commodity  and  refrig 
erator  containers  owned  and  operated  by  American  carriers  of  various  kinds.  Of  these, 
some  41,000  were  owned  by  maritime  operations. 

In   many   instances,   these  containers  move   inland   for  traffic;   and  as   the   maritime 
industry's  usi-  of  containers  mows,  more  and  more  will.  In  addition,  the  maritime  indus- 
try's experience  with  containers  provides  the  railroads  with  data  thai  can  aid  in  deter 
mining  both  the  potentials  of  the  development,  as  well  as  what   techniques  can  enable 
the  railroads  to  develop  more  business  through  containerization. 

Should  the  development  grow — as  it  definitely  has  indications  of  doing—it  will  re- 
quire physical  facilities  that  differ  from  those  in  standard  all-rail  operations. 

The  report  is  a  six-page  summation  of  the  extent  of  the  containerization  develop- 
ment, its  advantages,  its  disadvantages,  its  design  features,  and  its  operating  char- 
acteristics. 

Mr.  President,  this  progress  report  is  submitted  as  information  with  the  recommen- 
dation that  the  subject  be  continued 

Introduction  of  Special  Feature  on  Santa  Fe  Line  Change 

[Vice  President  R.  H.  Beeder  assumed  the  chair. | 

Chairman  Towle:  Your  committee's  Assignment  6  is  designed  to  present  to  the 
Association  reports  on  features  of  economic  and  engineering  interest  in  the  study,  design 
and  construction  of  major  line  relocations.  We  have  the  pleasure  today  of  presenting  a 
special  report  on  a  project  which  is  undoubtedly  the  major  railway  improvement  in 
this  country  during  the  past  decade.  To  introduce  our  feature  speaker  and  presentation, 
I  would  again  like  to  call  upon  the  chairman  of  Subcommittee  6,  Tom  Wofford. 

Mr.  Wofford:  Mr.  Chairman,  the  Santa  Fe  Railway  line  change  between  Williams 
and  Crookton,  in  Arizona,  has  created  a  great  amount  of  interest  in  railroad  circles. 
Committee  16  feels  fortunate  in  being  able  to  bring  you  a  film  depicting  construction 
of  the  line. 

It  is  my  pleasure  to  present  George  Rugge,  assistant  engineer,  Santa  Fe  Railway, 
to  introduce  the  film.  Mr.  Rugge  has  been  associated  with  the  Santa  Fe  for  over  25 
years,  and  participated  in  the  initial  studies  that  resulted  in  the  decision  to  build  this  line. 

George  Rugge:   Mr.  President,  ladies  and  gentlemen: 

The  44-mile  Williams-Crookton  section  of  the  Santa  Fe's  main  transcontinental 
freight  line  in  northern  Arizona  presented  to  modern  diesel  high-speed  operation  more 
obstacles  than  any  other  segment  of  our  principal  freight  artery.  Some  of  these  were: 

1.  Westward  freights  had  19  miles  of  track  with  maximum  allowable  speeds  of 
15  to  20  mph,  and  passenger  trains  had  allowable  speeds  of  20  to  30  mph. 

2.  The  westward  track  had  a  canyon  wall  location  down  Johnson  Canyon  i<>r 
10  miles. 

3.  The  westward  track  had  the  Johnson  Canyon  tunnel  on  a  10-deg  6-min  curve 
which  was  one  of  the  most  restrictive  clearances  on  our  main  line,  making  it 
necessary  to  move  many  trains  west  from  Williams  on  the  eastward  track. 
These  movements  were  increasing,  and  the  newer  defense  hardware  may 
increase  the  movements  still  more. 

4.  There  wen-  about  5000  de^  of  curvature  with  a  multitude  of   10-deg  curves. 

5.  Eastward  there  was  a  21-mile  1.8-percent  helper  grade,  Ash  Fork  to  Supai. 
This  was  the  steepest  ruling  grade  east  of  Barstow  on  our  freight  line. 
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6.  Continuous  welded  rail  was  not  practical  because  of  the  10-deg  curves. 

7.  Maintenance  of  way  forces  for  the  most  part  could  not  be  motorized,  because 
of  the  difficult  terrain. 

We  found  that  our  location  criteria  had  greatly  changed  since  the  1880's  when  On- 
line was  first  built.  At  that  time  consideration  had  to  be  given  to  availability  of  water 
for  locomotives,  minimum  grading,  and  the  difficulty  of  handling  large  quantities  of 
solid-rock,  excavation. 

The  motion  picture  which  you  are  about  to  see  shows  Santa  Fe's  Challenge  to  Find 
a  "Better  Way." 

[The  motion  picture  was  shown.]   [Applause] 

Chairman  Towle:  Thank  you,  Mr.  Rugge,  for  a  very  interesting  and  worthwhile 
presentation.  I  would  also  like  to  thank  the  Atchison,  Topeka  &  Santa  Fe  Railway  and 
our  incoming  president,  Mr.  R.  H.  Beeder,  for  their  fine  cooperation  in  making  possible 
this  valuable  contribution  to  our  program.  It  is  an  inspiration,  in  these  troubled  times 
for  the  railroads,  to  find  a  company  with  sufficient  faith  in  the  future  of  railroad  trans- 
portation to  invest  in  a  major  expenditure  for  line  improvement  calculated  to  improve 
service  and  lower  operating  costs. 

As  time  is  limited,  we  will  not  be  able  to  ask  for  questions  from  the  floor;  but  if 
there  are  any  questions  or  comments  on  our  presentation,  it  would  be  appreciated  if 
you  would  write  them  out  on  a  card  and  submit  them  to  the  ushers  in  the  aisles,  who 
will  turn  them  over  to  me  for  answering  by  mail.  Questions  and  answers  will  be  turned 
over  to  Secretary  Howard  for  inclusion  in  the  Proceedings  as  though  they  had  been 
answered  from  the  floor. 

Mr.   Chairman,   this   concludes   our   presentation.    [Applause] 

[Presentation   Brown   resumed  the  chair.] 

President  Brown:  Thank  you,  Mr.  Towle,  for  the  very  valuable  reports  of  your 
committee  and  the  important  necessary  revisions  proposed,  relating  to  your  chapter  in 
the  Manual.  We  hope  your  efforts  in   this  regard  will  be  continued. 

From  the  nature  and  character  of  your  reports  and  your  proposals  for  future  studies, 
it  is  evident  that  you  have  a  number  of  exceptionally  capable  and  aggressive  men  on 
your  committee.  We  hope  you  will  turn  them  loose  to  the  fullest  possible  extent. 

We  have  been  particularly  pleased  that  you  have  brought  to  us  the  Santa  Fe's  film 
on  its  new  line  construction  in  Arizona,  because  there  is  much  valuable  information  to 
be  obtained  from  this  outstanding  job. 

Many  thanks  again,  Mr.  Towle.  Your  committee  is  now  excused  with  the  thanks 
of  the  Association.   [Applause] 

Introduction  of  Special  Feature 

We  have  one  more  highly  interesting  feature  on  our  program  this  afternoon,  and 
I  hasten  to  present  it  to  you  both  because  of  the  lateness  of  the  hour  and  in  order  to 
give  our  speaker  the  most  of  the  time  available  for  his  presentation. 

I  refer  to  the  scheduled  address  by  Past  President  F.  R.  Woolford,  chief  engineer, 
Western  Pacific  Railroad,  on  observations  made  on  his  recent  trip  behind  the  Iron 
Curtain.  I  will  be  pleased  if  Mr.  Woolford  will  come  to  the  speaker's  table. 

Having  been  President  of  the  Association  as  recently  as  our  1960  convention,  over 
which  he  presided  with  exceptional  skill,  Mr.  Woolford  is  known  to  most  of  you,  so  I 
shall  not  take  time  to  give  him  the  detailed  introduction  to  which  he  is  rightfully 
entitled. 
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However,  I  do  want  to  say  that  this  Association  was  proud  t<>  have  him  selected 
to  represent  the  construction  and  maintenance  departments  of  the  railroads  in  the  task 
group  of  railroad  officers  who  visited  Soviet  Russia  last  summer,  and  we  all  know  that 
he  represented  our  departments  most   ably. 

Mr.  Woolford,  we  are  all  anxious  to  learn  more  of  your  observations  behind  the 
Iron  Curtain,  so  I  am  pleased  to  turn  the  meeting  over  to  you.   [Applause] 

Railways  in  Russia  and  the  People  of  Russia — (As  Observed 

During  Tour  of  Soviet  Russia  in  Europe  During 

the  Month  of  June   1960) 

By  F.  R.  Woolford 

Chief   Engineer,    Western   Pacific    Railroad 

Many  of  you  know  of  the  trip  that  was  sponsored  last  year  by  the  Association  of 
American  Railroads  to  inspect  the  railways  in  Russia.  Undoubtedly  some  of  you  have 
heard  either  me  or  other  members  of  the  visitation  team  talk  of  rail  facilities  and  con- 
tacts with  railway  personnel  on  the  Russian  railway  system  in  Soviet  Europe.  I  will 
endeavor  to  avoid  repetition  as  much  as  possible,  although  some  will  undoubtedly  occur 
as  it  is  next  to  impossible  to  talk  on  this  subject  before  several  railway  groups  and  not 
cover  many  things  a  second  time.  Please  bear  with  me. 

Early  last  year,  considerable  interest  arose  in  the  utilization  of  a  Government  Ex- 
change Plan  with  the  Soviet  Union  for  a  look  at  the  activities,  progress  and  planning 
ahead  as  applicable  to  rail  transportation  in  Russia.  Mr.  D.  P.  Loomis,  president  of 
the  Association  of  American  Railroads,  accepted  the  assignment  as  an  AAR  project  and 
Mr.  Beschev.  Minister  of  Transportation  of  the  Soviet  Union,  accepted  for  the  Russian 
Government.  A  like  number  of  American  and  Russian  rail  transportation  personnel  were 
selected  to  visit  each  other's  property.  We  were  most  fortunate  in  that  arrangements 
were  made  for  the  American  team  to  make  the  inaugural  visit  to  Russia,  the  Soviet 
team  following.  If  such  had  not  been  done,  our  inspection  of  the  Russian  railroads 
may  never  have  been  accomplished.  Certainly  if  it  had  been  under  other  circumstances, 
our  coverage  of  facilities  and  operations  would  have  been  of  little  value.  Even  so  it  was 
only  through  sheer  effort  and  bull  dog  persistance  that  we  were  successful  in  seeing  a 
minimum  of  Soviet  rail  construction,  maintenance  and  operating  facilities  and  meth- 
ods, as  well  as  talking  with  Russian  personnel,  outside  the  observation  of  assigned 
Soviet  guards,  to  gain  sufficient  information  to  evaluate  the  rail  facilities  in  Soviet 
Europe.  Several  months  following  our  visit,  a  like  group  of  Russian  railway  specialists, 
piloted  by  Minister  Beschev,  visited  our  railroads,  covering  areas  east  of  Chicago  and 
from  New  York  to  Florida.  The  Russian  team  arrived  OH  November  21  and  departed 
for  MOSCOW  on  December  22.  I  was  with  the  Russian  party  in  Chicago  and  in  the 
Memphis  area  during  the  week  of  December  S. 

Our  American  team  to  Russia  was  selected  and  piloted  by  Curtis  I)  Buford,  vice 
president,    Operations   and    Maintenance    Department,    AAR,   and   Consisted    Of    Bill    Keller. 

vice  president  of  AAR  research;  John  Nash,  vice  president  operations,  New  York  Cen- 
tral;  Paul  Garin,  manager  of  research  and  development,  Southern   Pacific  Company; 

Sergei  Cuius.  ,,|  the  research  department  of  the  Chesapeake  &  Ohio;  John  Horine.  elec- 
trical engineer  of  the  Pennsylvania;  Cotton  Yarbrough,  signal  and  communications  engi- 
neer ot  the  Wabash;  two  interpreters  from  our  State  Department — Ron  Smith  and  I  tit  k 
Mason,  and  yours  truly.  In  this  team-agreement,  as  to  numerical  numbers,  the  Russians 
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stole  a  run  on  us  by  deleting  one  interpretor  and  replacing  him  by  a  railroad  specialist, 
giving  them  a  total  of  nine  railroad  specialists  in  comparison  to  our  eight.  The  Rus- 
sians assumed  that  Sergei  Guins,  a  Russian  born  but  naturalized  American  citizen,  would 
be  accompanying  the  hosting  American  group,  thus  relying  on  his  knowledge  of  the 
Russian  and  English  languages,  eliminating  the  need  to  have  more  than  one  interpretor. 
The  State  Department  agreements  specified  only  eight  railroad  personnel  and  two  inter- 
preters, but  the  Russians  were  successful  in  slipping  in  the  nine  railway  specialists  and 
one  interpretor,  somehow  getting  our  embassy  clearance.  This  is  a  small  matter,  but  it 
emphasizes  the  Russian  cleverness  in  taking  advantage  of  any  opportunity  to  better 
themselves. 

The  U-2  incident  and  the  Paris  Conference  meeting  of  several  national  figures  de- 
layed our  intended  departure  for  Russia,  although  shortly  after  midnight  on  May  25, 
our  10-man  group  departed  from  New  York  via  K.L.M.,  arriving  in  Amsterdam  at 
noon  the  same  day  (7:30  am,  New  York  time).  In  Amsterdam  we  laid  over  until 
noon  the  next  day  for  a  meeting  of  prearrangements  as  to  our  European  railway  cover- 
age following  the  Russian  tour,  with  the  secretary  general  of  the  Union  International 
Chemins  de  Fer  (similar  in  Europe  and  other  parts  of  the  world  to  the  AAR  in  the 
U.S.A.),  departing  at  noon  enroute  to  Vienna,  where  it  was  again  necessary  to  lay  over 
until   noon   the   next   day  to  await   departure   of   our  Vienna-Moscow   tri-weekly   train. 

We  boarded  this  Austrian  railway  train  at  noon  on  May  27  for  a  three-day  trip 
from  Vienna  to  Moscow  via  Austria,  Czechoslovakia,  and  Poland,  entering  Soviet  Russia 
at  Brest,  where  it  was  necessary  to  change  our  car  trucks  and  the  trucks  of  other  cars 
destined  to  Russia,  from  European  standard  gage  to  Russian  broad  gage.  The  Russians 
were  well  equipped  and  experienced  in  this  changeover,  accomplishing  the  work  in  short 
order.  After  departing  from  Vienna,  and  prior  to  arrival  at  Brest,  we  experienced  only 
routine  passport  inspections,  but  upon  arrival  in  Russian  territory  and  entrance  into 
Soviet  land,  we  really  were  given  a  full  dress  military  scrutiny.  Finally,  after  much 
questioning,  translating,  and  useless  coverage  of  each  American  and  possibly  a  random 
screening  of  "bug  tapes"  placed  in  our  rooms,  the  military-customs  inspectors  permitted 
us  and  our  train  to  proceed. 

We  arrived  in  Moscow  at  noon  Monday,  May  30,  and  were  welcomed  there  by 
representatives  of  the  staff  of  the  Minister  of  Transportation,  which  included  Mr. 
Beschev's  first  deputy,  Mr.  Gundobin,  accompanied  by  Soviet  Director  of  Research 
Simonov;  Chief  of  Department  of  Internal  Matters,  Mr.  Voronicheff,  with  three  aides, 
Messrs.  Afanosev  (Nickolai),  Nazarov  (Walter),  and  Zhamkov  (Alex),  all  known  to  us 
as  special  government  agents ;  Chief  of  Moscow  Railroad,  Mr.  Karpov,  and  several  other 
dignitaries  of  the  minister's  staff.  We  were  then  escorted  to  the  Sovietski  Hotel,  a  hos- 
telry reserved  exclusively  for  official  delegations,  where  we  were  quartered  the  remainder 
of  the  first  week  during  official  meetings,  planning  sessions,  and  coverage  of  rail  facilities 
in  and  about  Moscow,  the  hub  of  Soviet  Russia  in  Europe.  Here  our  first  disappoint- 
ment occurred  in  our  initial  conference  with  the  Minister  of  Transportation  and  staff — 
our  anticipated  route  of  travel,  as  obtained  from  the  Russian  embassy  in  the  United 
States,  had  been  changed  to  eliminate  what  we  desired  most  to  see — the  Siberian  area 
beyond  the  Ural  Mountains,  where  the  Soviet's  heaviest  rail  traffic  is  experienced.  Our 
tour  was  limited  to  a  central  area  between  Moscow,  the  Bay  of  Finland,  the  Caspian 
Sea,  and  the  Black  Sea,  or  the  old  heavily  populated  industrial  area  of  former  Russia. 
Regardless  of  our  obvious  displeasure  and  insistence  that  the  Omsk  and  Nono  Sibirski 
area  be  included  in  our  rail  coverage,  we  were  not  successful  in  even  getting  close  to 
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the  Ural  Mountains,  let  alone  into  Siberia.  Consequently,  we  restricted  the  Russian 
coverage  of  U.  S.  rail  lines  to  Chicago,  and  east  and  south  to  Florida.  Phis  restriction 
irked  the  Russians  no  end,  but  we  hoped  that  such  measures  would  prove  beneficial 
to  the  next  group  of  Americans  which  may  have  occasion  to  visit  Russia. 

While  in  Moscow,  extensive  coverage  was  made  of  Soviet  rail  freight  unloading- 
loading  facilities,  railway  model  equipment  exhibition  house,  the  railway's  principal 
university  tor  that  segment  of  railway  personnel  within  the  Moscow  area,  several  prin- 
cipal rail  lines  diverging  from  Moscow,  and  one  of  their  most  modern  and  fully  auto- 
mated retarder  classification  yards,  located  in  the  community  of  Yaroslavscia. 

On  Sunday  afternoon,  June  5,  we  moved  into  our  assigned  special  sleeping  car  and 
attached  dining  car — our  home  on  wheels  for  the  next  three  weeks — for  a  some  6,000- 
mile  tour  of  the  Russian  railways  in  Europe.  While  in  Moscow,  we  were  lectured,  briefed, 
and  supposedly  told  all  about  the  Russian  railways,  their  equipment,  operations,  ma- 
chines as  used,  and  construction  and  maintenance  practices.  Through  personal  observa 
tions,  questioning  of  personnel,  and  use  of  any  other  means  available,  we  tried  to  verify 
the   following  information  given  to  us: 

1.  That  there  are  35  separate  railroads  in  the  Soviet  system,  each  in  the  charge  of  a 
president  or  director,  who  reports  to  the  Minister  of  Transportation. 

2.  That  the  Soviet  system  totals  some  120,000  road  kilometers  (74,400  miles).  Our 
U.  S.  system  consists  of  436  primary  lines,  of  which  414  are  Class  I  and  II,  22  miscel- 
laneous, and  111  switching  and  terminal  lines,  all  totalling  some  219,000  road  miles. 

3.  That  the  Soviet  system  had  12,000  kilometers  (7,440  miles)  of  electrified  opera- 
tions and  plans  for  a  total  of  30,000  kilometers  (18,600  miles)  of  electrified  rail  lines  by 
1965 — the  end  of  the  present  Seven-Year  Plan  goal  period. 

4.  That  they  plan  for  70,000  road  kilometers  (43,400  miles)  of  lines  to  be  dieselized 
by   1965. 

5.  That  the  Soviet  system  employs  3*/>  million  people  on  the  railways,  or  approxi- 
mately four  times  that  of  all  U.  S.  lines.  (Note  here  that  while  their  rail  lines  are  ap- 
proximately one-third  the  mileage  of  U.  S.  lines,  they  use  four  times  as  many  people 
to  operate,  maintain  and  manage  them.) 

6.  That  the  Soviet  railways  can  and  have  operated  some  100  to  125  train  schedules 
in  each  direction  on  a  single-track  railway  in  a  24-hour  period. 

7.  The  railways  in  the  U.  S.  are  approximately  three  times  I  he  length  of  the  Soviet 
system,  although  the  Soviets  handle  half  again  as  much  freight  tons  per  mile  as  U.  S. 
rail  lines. 

8.  (A)   We  were  told  that   freight  train  speeds  were  set  at  a  maximum  of  SO  to  100 
kilometers  per   hour,  although   our   field   observations  did   not   place   operating  speeds   be 
yond  35 — not  to  exceed  40  mph. 

(B)  That  passenger  trains  operated  at  speeds  of  100  to  150  kilometers  per  hour, 
although  here  again  I  am  afraid  this  was  wishful  thinking  or  gross  exaggeration  ;^  out 
observations  indicated  speeds  did  not  exceed  55  mph — normally  an  average  of  45  mph. 
We  did  observe  one  exception,  the  Red  Arrow  (their  pride  and  joy),  which  we  rode 
between  Moscow  and  Leningrad,  both  directions,  with  a  claimed  operating  speed  >>i 
95  mph.  At  no  time  did  our  check  show  speeds  above  88  mph,  which  were  normalh 
between  60  and  70  mph. 

9.  That  the  Soviet    railway    system   has    12   institutes  or   railway   universitii 
located  in  special  key  cities  over  the  system,  .ill  designated  as   Institutes  "i    Railway 
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Engineering,   and   near  exclusive   to   railway   personnel  and  their   families.   In    1917   only 
two  such  institutes  existed  in  Russia — one  at  Moscow  and  the  other  at  Leningrad. 

10.  That  some  9000  students  are  graduated  annually  from  these  12  institutes  and 
other  railway  training  schools.  We  visited  the  University  at  Moscow,  and  the  one  at 
Kharkov  where  we  spent  one  day.  Kharkov  was  scheduled  to  graduate  800  in  1960.  Of 
these  graduates,  some  60  percent  stay  with  the  railway,  and  most  of  the  remaining 
40  percent  go  with  associated  railway  industries.  The  attendance  at  these  universities 
is  divided  between  men  and  women  by  some  60-40  percent.  We  were  told  that,  in  Rus- 
sia, there  is  no  recognized  difference  between  the  sexes,  although  I  must  disagree  with 
this,  as  in  my  personal  observations  and  questioning  of  railway  supervisors  I  found  that 
sex  differences  and  problems  are  similar  to  those  in  the  United  States.  Their  problem 
of  mixing  the  sexes  is  no  different  in  Russia,  regardless  of  the  State  edict,  than 
elsewhere. 

11.  That  adequate  funds  are  proved  annually  to  railway  institutes  for  research 
personnel,  facilities,  and  the  progression  of  studies.  As  an  example,  the  Kharkov  Insti- 
tute was  given  5  million  rubles  for  laboratory  needs  in  1960,  and  the  Moscow  Institute 
some  7  million  rubles.  We  were  assured  that  the  other  institutes  were  similarly  provided 
for.  Time  did  not  permit  our  visiting  other  schools.  We  did  see  definite  proof  of  edu- 
cation and  research  making  a  definite  mark  on  the  population,  with  an  improvement 
of  railways,  people,  and  their  country  as  a  whole.  Most  everyone,  especially  the  rail- 
way supervisory  family,  has  a  good  technical  education,  although  they  lack  the  knack 
of  practical  application. 

Late  Sunday  evening,  June  5,  our  on-line  field  inspection  tour  bloomed  into  a 
reality.  We  transferred  our  belongings  from  the  Sovietski  Hotel  to  our  home  on  the 
rails  for  a  22-day  all-rail  field  trip,  departing  from  Moscow  at  9:00  pm  in  a  regularly 
scheduled  train.  This  rail  tour  covered  most,  or  at  least  the  typical,  rail  lines  in  Soviet 
Russia  in  Europe — none  in  Siberia.  We  passed  many  typical  areas  and  small  and  large 
rail  centers,  stopping  a  day  or  two  at  many  principal  cities,  yards,  and  maintenance 
shops  along  the  way,  including  Kiev,  Kharkov,  Krasny-Liman,  Rostov,  Baku  on  the 
Caspian  Sea,  Tbilisi  in  the  Caucasian  Mountains,  Sochi  on  the  Black  Sea,  with  a  rail 
motor  car  trip  between  Sochi  and  Tuapse,  Tuapse  to  Stalingrad  via  Provorino  and 
Liski,  thence  to  Tula,  where  we  rode  rail  detector  and  track  spotting  cars  and  witnessed 
our  only  work  exhibition  of  a  so-called  fully  mechanized  (we  would  term  it  partially 
mechanized)  track  reballasting,  rail  and  tie  renewal  operation ;  thence  to  Moscow  for  a 
few  hours  to  reassemble  the  books  and  notes  we  had  gathered,  and  for  a  long  awaited 
mail  call  through  our  embassy.  We  left  that  same  night  on  the  Red  Arrow  enroute  to 
Leningrad,  returning  to  Moscow  on  the  26th  for  a  final  review  and  discussion  of  our 
travels  with  the  Minister  of  Transportation  and  his  staff,  giving  him  a  brief  opinion  of 
our  findings.  We  departed  from  Moscow  enroute  to  Paris  on  July  I,  with  a  gala 
"goodby"  from  the  Minister's  first  deputy  and  a  couple  of  our  Soviet  tour  guides. 

As  you  can  imagine,  to  see  much  of  the  Russian's  manner  of  railroading  and  way 
of  living  in  so  few  days  required  constant  vigilance,  and  persistance  to  see  that  the 
Russians  adhered  to  the  itinerary,  our  objective  being  to  see  as  much  of  the  railways 
and  associated  activities  as  possible — not  the  natural  scenery  and  their  atheistic  living, 
which  they  preferred  to  stress.  This  all  required  a  definite  push  for  using  as  much  of 
each  24  hours  a  day  as  possible.  In  all  of  the  6500  miles  of  travel  on  rails  in  Soviet 
territory,  we  saw  and  inspected  many  railway  shops  and  operations,  unusual  cities, 
conditions,    and    through    any    medium    available    contacted    and    talked    with    people. 
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Through  this  medium  of  seeing  and  questioning,  we  covered  the  entire  operation  of 
that  segment  of  their  rail  transportation  system  in  Europe  we  were  permitted  to  over 
— track  subgrade,  roadway,  signals,  communications,  locomotives,  cars,  yards,  train  op- 
erations, train  movements,  office  criteria,  and  all  facets  of  an  overall  operating  propertj 
up  to  and  including  the  initial  securing  of  freight,  movement  to  consignee,  and  the  final 
accounting  of  freight  and  passenger  operations  through  the  Minister  of  Transportation 
and  his  staff.  Despite  the  language  barrier,  and  the  fact  that  our  every  move  was  most 
closely  controlled,  policed  and  observed  by  special  assigned  Soviet  railway  intelligence 
personnel,  and  notwithstanding  our  forced  confinement  in  our  assigned  railway  cars  on 
most  of  our  trip,  I  do  think  our  group  was  most  successful  in  obtaining  a  good  cross 
sectional  picture  of  the  Russian  railway  system  for  comparison  with  other  transporta 
tion  systems  in  both  Europe  and  the  United  States. 

In  regard  to  our  confinement  to  our  cars,  the  exit  doors  were  always  locked.  But 
when  we  did  gain  access  to  the  ground,  accompanied  by  Mr.  Simonov  or  one  of  the 
two  assigned  intelligence  representatives  (Walter  or  Alex),  the  information  obtained 
through  visual  observations  and  questioning  of  railway  people  was  very  interesting,  al- 
though we  recognized  that  our  questions  were  not  always  correctly  answered,  perhaps 
deliberately  so,  as  all  Russians  were  given  an  advance  briefing,  and  our  route  of  inspec- 
tion was  specially  policed.  Despite  these  handicaps,  we  did,  as  mentioned  earlier,  learn 
a  great  deal. 

Time  will  only  permit  me  to  hit  the  highlights  of  the  various  segments  of  the 
transportation  organization  in  Russia. 

Education  in  Russia  has  gone  a  long  way  since  embarking  on  the  new  era,  which 
possibly  began  with  Peter  the  Great  bringing  the  people  out  of  darkness,  to  the 
Czarisms  and  other  isms,  and  now  communism.  The  nation  as  a  whole,  especially  the 
railways,  are  really  stressing  education.  The  12  universities  serving  the  railway  network. 
plus  many  other  industrial  schools  and  state  universities,  such  as  the  Moscow  Universitj 
on  the  Volga,  are  trying  to  elevate  the  masses  to  a  state  of  high  technical  learning. 
How  successfully  these  people  can  assimilate  this  higher  education,  only  time  will  tell. 
The  railway  institutes  offer  four-year  standard  engineering  courses,  with  two  and  three 
years  additional  for  Masters  degrees;  also  night  and  correspondent  e  courses  for  those 
who  must  work  while  obtaining  a  technical  education. 

In  addition  to  these  formal  courses,  other  on-the-job  and  shop  training  schools,  with 
courses  of  generally  two  years  duration,  are  available.  These  field  schools  usually  exist 
in  shops  and  at  division  points  where  methods  are  developed,  materials  tested,  and  uses 
progressed,  the  results  being  used  as  training  aids  when  formal  class  instructions  are  not 
available.  Most,  if  not  all,  of  the  workmen,  such  as  mechanics,  roadway  employees, 
equipment  operators,  enginemen,  trainmen,  and  various  crafts,  must  utilize  these  field 
courses  of  schooling  for  advancement  in  work  position  assignments.  A  train  conductor 
with    whom    I    talked,   advised    that    he   was   required    to    successfully   complete   two   years 

of  schooling  to  advance  from  a  brakeman  to  the  position  of  conductor;  that  a  similar 
two  \ear  course  was  necessary  to  attain  the  rating  of  engine  driver,  which  also  requires 
apprenticeship  in  a  mechanical  shop  and  a  stated  time  as  student  engine  driver.  When 
no  need  exists  for  an  engine  driver  (we  designate  as  locomotive  engineer),  they  auto 

matically   drop   back    into   the   shop   a.   mechanics.   Similar   requirements   oi   either   held   or 

institute  schooling  is  necessary  in  other  branches  oi  tin-  service  for  advancement    Men 

and  women  have  equal  status,  having  opportunitx  for  an\  job  or  position  tor  which 
they  can  qualify. 
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To  supplement  this  educational  training,  interest  is  generated  in  teenagers  through 

the  state  railway's  utilization  of  childrens'  railways,  where  a  kilometer  or  more  of  a 
duplicated  standard-gage  line  as  a  meter-gage  railway  is  made  available  for  complete 
operation  and  maintenance  by  deserving  children.  It  is  the  management's  thought  that 
following  such  an  actual  live  and  near  real  railway  operation  and  maintenance  experi- 
ence, the  top  grade  group  of  these  teenagers,  upon  graduation  from  grade  schools,  will 
be  attracted  to  the  railway  institutes,  and  upon  graduation  will  become  associated  with 
the  rail  transportation  family,  which  is  considered  the  top-ranking  priority  work  classi- 
fication in  Russia. 

Pioneer  camps  exist  as  a  most  important  avenue  for  the  care,  training  and  commu- 
nist indoctrination  of  the  children  of  railway  employees.  These  camps  are  located  in  se- 
lected rural  areas  and  are  managed  and  staffed  to  efficiently  care  for  the  children  of  rail- 
way employees  during  much  of  the  out-of-school,  mid-year  vacation  period.  The  camps 
are  well  staffed  and  properly  equipped  to  systematically  train  children  in  proper  daily 
conduct,  to  build  their  bodies  by  proper  diet,  recreation  and  rest,  and  to  thoroughly 
indoctrinate  their  young  minds  in  communistic  ideals.  One  of  the  principal  duties  of 
the  local  railway  union  representative  is  to  direct  and  supervise  the  activities  of  these 
pioneer  camps.  Many  of  the  camps  are  supplemented  by  one  of  the  meter-gage  training 
railways.  The  camps  are  well  attended  and  appear  to  accomplish  a  most  satisfactory 
amalgamation  of  supervisors'  and  workmen's  children.  At  one  pioneer  camp  we  at- 
tended, serving  the  Tbilisi  area,  the  children  of  the  president  of  the  railroad  in  which 
the  camp  was  located,  were  among  those  in  attendance.  They  were  classed  as  only 
children  among  the  many,  all  playing  and  acting  as  one  group.  The  president,  who  was 
with  our  party,  was  most  proud  to  point  out  his  children  and  to  introduce  them  and 
their  playmates  to  us. 

The  preponderance  of  locomotives  seen  were  of  the  steam  type,  of  which  we  were 
told  some  28,900  units  of  coal  or  oil-fired  were  available  and  used  on  the  system.  Both 
electric  and  diesel-electric  locomotives  were  observed  on  road  and  in  yard  operations, 
although  in  much  lesser  numbers  than  steam  units.  The  steam  power  was  of  varying 
ages,  although  all  appeared  to  be  in  excellent  operating  condition,  exceptionally  clean, 
and  to  be  operating  at  maximum  efficiency  for  steam  power.  The  Russians  informed 
us  that  they  are  not  manufacturing  any  additional  steam  power,  but  concentrating  all 
efforts  on  electric  and  diesel  power. 

A  tremendous  effort  is  being  exerted  in  the  changeover  from  steam  to  electric  or 
diesel-electric  operation.  Research,  designing,  and  field  tests  have  been  accomplished  to 
the  extent  that  proven  locomotives  are  in  production  in  Russia  to  their  utmost  capacity. 
In  addition,  locomotives  are  being  secured  from  manufacturing  concerns  in  their  satellite 
countries,  as  well  as  from  France  and  Germany.  Other  European  manufacturers  are 
fabricating  electric  and  diesel  parts  for  Russian  plants. 

Some  electric  locomotives  are  equipped  to  use  d.c.  power,  while  other  use  a.c. 
power  from  area  transmission  lines,  converting  to  d.c.  within  the  locomotive  cab  for 
operation  of  d.c.  motors.  There  are  11  different  types,  varying  from  2500  to  5000  hp  per 
unit.  Also,  diesel-electric  units  of  varying  capacity  are  in  service,  varying  from  750  to 
1000  to  2000  hp,  some  2400  hp,  and  a  few  3000-hp  single  units  are  in  use  and  in  pro- 
duction. From  our  inspection  in  the  field  and  shops,  and  using  service  numbering  in 
estimating  number  of  units,  there  appeared  to  be  some  6400  single  diesel-electric  loco- 
motives in  service  at  the  time  of  our  inspection. 

A  4000-hp,  diesel-electric  locomotive  has  passed  the  research-design  period,  is  now 
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under  test  construction,  and  it  is  planned  that  it  will  go  to  field  test  use  within  the 
year.  Research  and  design  activities  are  well  along  on  a  6000-hp  gas  turbine  locomotive 
unit,  and  on  similar  units  of  possibly  greater  horsepower,  which  the  Russians  advised 
they  hope  to  make  a  practical  reality  within  a  year  or  two.  Hydraulic  drives  for  diesel- 
powered  locomotives  have  been  a  proven  success  and  are  in  use  in  Russia.  As  to  atomic 
power,  the  Soviets  appear  to  have  abandoned  any  thought  of  using  at  in  a  locomotive. 
They  rather  prefer  its  utilization  for  developing  electric  energy,  thereby  making  electric 
power  available  for  electrified  rail  operations. 

Russian  railway  cars  are  generally  longer  and  of  greater  capacity  than  those  in 
Europe,  Germany  being  an  exception  to  some  degree.  The  Russians  have  the  old  two- 
axle  car  in  some  numbers,  plus  many  four-,  six-,  eight-  and  multiple-axle  special-purpose 
cars  in  use.  All  cars  now  being  constructed  are  of  the  four-  or  six-axle  variety,  with 
eight-  and  multiple-axle  cars  for  special  needs  as  they  arise.  All  cars  are  equipped  with 
continental  couplers;  some  with  link  and  pin  added  to  continental  couplers  for  dual  use 
when  link-and-pin  foreign  cars  are  handled,  which  is  rarely  encountered.  We  estimated 
that  some  30  to  40  percent  of  all  cars  seen  in  use  in  Russia  were  of  the  two-axle  variety, 
most  of  the  remainder  four-  and  six-axle  construction — the  majority  four  axle.  The 
average  load  for  a  four-axle  car  is  56.2  long  tons  and  for  a  six-axle,  90  long  tons.  Many 
open-top,  all-steel,  six-axle  gons  are  stencilled  93  ton  capacity.  From  the  use  of  such 
cars,  one  can  readily  see  that  the  Soviets  are  well  outfitted  to  handle  heavy  loads  and 
high  capacity  cars.  Freight  car  wheels  are  of  38  in  to  41  in  diameter,  the  larger  per- 
centage being  the  larger  wheels  with  corresponding  size  journals. 

We  were  told  they  had  little  journal  problems  with  their  cars,  and  we  did  not  see 
any  smoking  or  hot  appearing  journals  in  field  trains.  However,  we  did  observe  work 
being  done  on  what  appeared  to  be  hot  journals  on  several  repair  tracks.  The  Russians 
have  recognized  the  problems  encountered  with  loose  waste  journal  packing  and  plan 
to  eliminate  all  loose  waste  use  by  the  end  of  the  year,  replacing  it  with  pads  or  roller 
bearings.  By  1965  their  plan  calls  for  all  freight  cars  to  be  equipped  with  roller  bear- 
ings, it  being  their  contention  that  the  present  use  of  pads  is  only  a  stop-gap  until  suf- 
ficient roller  bearing  assemblies  can  be  manufactured  to  equip  all  cars. 

I  might  mention  here  how  the  Russian  Gosplan  makes  maximum  use  of  all  avail- 
able rail  cars.  All  movements  of  freight,  disposition  of  loads,  empties,  and  assignment 
of  cars,  are  carried  out  in  accordance  with  the  Gosplan,  which  is  programmed  weekly — 
all  cars  adhering  strictly  to  the  plan  or  discipline  is  assessed.  The  Gosplan  is  an  overall 
plan  for  the  movement  of  all  freight  and  passengers  over  Russian  rail  lines,  in  the  air, 
over  highways  (of  which  few  exist),  and  movements  by  water.  In  the  use  of  freight  cars, 
the  Russians  claim  a  very  low  turnaround  time,  less  than  half  of  ours,  although  they 
do  not  calculate  turnaround  time  as  we  do.  They  eliminate  terminal  and  standing  time, 
considering  only  the  movement  time  of  cars  in  trains  and  primarily  between  stations, 
which  readily  accounts  for  the  supposedly  low  turnaround  time.  We  endeavored  time 
and  time  again  to  obtain  details  as  to  the  formula  used  in  determining  this  figure,  bul 
only  generalities  were  forthcoming. 

In  the  Soviet's  forced  efficient  use  of  freight  cars,  the  government  levies  severe  fines 
or  a  cost  assessment  plan  for  non-compliance  with  instructions,  assessing  fines  against 
either  industry  Or  railroad  according  to  the  cause  of  delay  in  loading,  unloading,  Or 
placement  of  loads  or  empties.  For  example,  for  industries  failing  to  load  a  car  within 
the  specified  time — counted  from  the  hour  of  placemen!  and  not  the  beginning  "i 
the  work  day — a  fine  of  3  rubles  per  day  is  applicable  for  a  |,<>x  or  Hal  car,  and  6 
rubles   for   an    ordinary   tank   car,   increasing   up   to   as   much    as    200   rubles    per   day    foi 
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controlled  cars,  such  as  special  tanks,  refrigerators,  multiple  and  possum  bellies,  and 
other  than  run-of-the-mill  ordinary  cars.  Industries  are  given  a  specified  minimum- 
maximum  time  to  unload  cars  after  placement.  For  cars  containing  loads  readily  unload- 
able,  such  as  bottom-drop  gons,  cement,  and  various  flats,  as  little  as  30  min  to  1  hour 
is  allowed.  For  other  loads,  such  as  expensive  merchandise,  breakable  materials,  and 
difficult  loads,  some  3  to  6  hours  are  allowed.  Special  tanks  requiring  heating  or  unusual 
unloading  preparations,  are  allowed  some  12  hours,  and  on  up  to  several  days,  all  ac- 
cording to  the  type  of  load  and  the  difficulties  associated  with  unloading.  At  no  time  do 
they  grant  the  liberal  time  allowances  that  we  grant  patrons — some  3-days  free  time, 
excluding  Sundays,  holidays,  and  cumulative  credits  for  undertime  applied  against  our 
time  delays.  Unloading  time  is  tightly  controlled  by  fines  on  an  increasing  scale,  begin- 
ning at  approximately  3  rubles  per  hour,  and  increasing  up  to  IS  or  more  rubles  per 
hour  per  car  for  excessive  and  unjustified  delays.  In  reverse,  the  railroads  are  penalized 
for  failure  to  deliver  cars  to  industries  in  accordance  with  advance  planning.  For  rail- 
way failure  to  place  a  car  at  a  designated  spotting  area  on  schedule,  the  railroad  refunds 
the  industry  1  ruble  per  hour  or  6  percent  of  the  transportation  cost  for  one  tenth  or 
less  of  the  shipping  time,  up  to  30  percent  of  the  cost  of  movement  billing  if  four  tenths 
of  the  shipping  period  delay  incurred  in  placement.  Placements  of  empties  by  the  railroad 
incur  like  fines  against  railroad  when  the  placement  time  given  an  industry  is  not  met. 
Delays  in  the  placement  of  empties  cost  the  railroad  1  ruble  per  car  hour  of  delay.  All 
of  these  fines  are  assessed  railway  management,  and  must  come  out  of  the  earned 
profits  allocated  to  each  railroad  for  improvements  of  the  property  and  the  betterment 
of  employees.  The  Gosplan  handling  of  loads  and  empties  results  in  industries,  which 
take  plant  spotting  in  lieu  of  team  track  and  government  crews  unloading-loading  de- 
livery service,  maintaining  sufficient  personnel  and  adaptable  equipment  on  hand  at  all 
times  to  carry  out  immediate  unloading  or  loading  after  placement,  regardless  of  day  or 
night,  or  the  day  of  the  week. 

The  extensive  use  of  passenger  trains  by  the  general  public  would  be  a  most 
pleasant  sight  for  any  American  railroad  passenger  representative.  No  solicitation  is 
necessary  as  at  most  of  the  passenger  stations,  especially  those  in  the  larger  cities,  there 
is  a  waiting  list  of  passengers  as  most  trains  carry  over  capacity  loads.  Commuter 
traffic  is  likewise  heavy.  Passenger  cars  are  of  several  classes,  such  as  hard,  semi-soft 
and  soft-seat  varieties.  The  ordinary  railroad  ticket  only  gives  a  passenger  the  right  to 
pass  the  gateman  and  board  the  train  to  claim  standing  room  or  a  hard  seat  if  one  is 
available.  To  travel  in  any  comfort,  one  purchases  an  additional  ticket,  according  to 
his  means,  for  a  reserved  hard,  semi-soft  or  soft  seat.  Overnight  travel  is  handled  on  a 
similar  basis.  Food  is  available  on  some  trains  through  dining  cars  or  room  service, 
although  such  are  provided  on  only  special  named  trains.  Most  natives  carry  their  own 
food  and  drink,  many  supplementing  their  provisions  from  station  platform  vendors, 
who  sell  all  types  of  food  imaginable,  from  dried  fish  to  fruits,  sandwiches,  and  all 
forms  of  food  common  to  the  locality. 

All  of  the  passenger  cars  I  observed,  other  than  those  on  commuter  trains,  con- 
sisted of  rooms  off  of  a  long  aisleway  along  the  entire  length  of  one  side  of  the  car. 
Rooms  were  small  in  size,  accommodating  two,  four,  six  and  up  to  eight  people  per 
room  in  some  instances.  Sleeping  cars  usually  had  four  or  six  occupancy  rooms,  with 
no  separation  as  to  sexes  in  either  day  or  night  rooms.  New  construction  and  recon- 
struction of  sleeping  cars  are  being  carried  out  on  the  basis  of  somewhat  smaller  rooms 
—for  two-person  occupancy,  with  wash  basin  and  flexible  hose  shower  head  in  a  cabinet 
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room  located  between  two  adjoining  rooms.  Toilet  facilities  arc  located  at  each  end  of 
the  car.  With  few  or  practically  no  highways,  few  private  automobiles  or  trucks,  little 
river  traffic,  and  air  travel  in  its  infancy,  everyone  depends  on  the  railways  for  travel, 
and  most  Russians  do  considerable  traveling  out  of  the  congested  cities  and  overly 
crowded  living  areas  to  a  place  all  strive  for — a  cottage  in  the  country  or  one  of  the 
many  rest  areas.  Due  to  the  crowded  condition  of  passenger  trains,  it  is  not  unusual 
for  some  people  to  ride  on  top  of  cars.  We  witnessed  much  of  this  in  the  southern  area, 
and  actually  snapped  pictures  of  such  on  the  train  to  which  we  were  attached. 

A  considerable  amount  of  the  Soviet  railway  system  is  signaled.  Some  20,000  miles 
of  main  track  is  equipped  with  automatic  block  signaling,  some  2000  miles  with  an 
adaptation  of  Traffic  Control  System,  the  remainder  having  an  old  outmoded  manual 
staff  blocking  operation.  Train  orders,  as  we  know  them,  are  not  used,  and  we  were 
told  that  no  type  of  movement  orders  other  than  positive  blocking  or  signal  indications 
are  used  for  the  meeting  or  passing  of  trains.  The  Russian  signal  system  is  a  mixture 
of  automatic,  manual,  and  other  adaptations  of  American  developments  for  the  move- 
ment of  trains  by  signal  indications,  many  of  which  have  been  used  by  railroads  in  the 
United  States,  but  long  since  abandoned  for  modern  automatic  blocks,  T.C.S.,  and  auto- 
matic train  control,  or  modern  versions  for  the  efficient  and  safe  movement  of  trains 
from  a  distant  control  plant  by  signal  indication. 

Considering  the  expanse  of  the  Soviet  railway  system  and  the  inter-connected  talk- 
ing service  required — and  I  will  say  well  accomplished — in  their  government,  Moscow- 
controlled  operations,  the  Soviets  have  constructed  a  very  good  line  of  telephone  com- 
munication between  the  ministry  level  and  the  on-line  control  stations  and  offices.  The 
railway  communication  network  is  an  entirely  independent  facility  from  the  public  tele- 
phone service,  and  is  under  the  control  of  the  Minister  of  Transportation.  The  public 
telephone  service  and  associated  facilities  are  under  the  Minister  of  Communications. 

The  railroad  uses  open  pole  line  construction,  above  ground  and  along  their  oper- 
ating tracks  wherever  possible.  Radios  are  used  extensively  in  dispatching  trains,  al- 
though only  through  local  station  or  field  dispatching  offices,  which  relay,  by  radio,  to 
on-line  locomotives  or  yard  operations.  Microwave  and  radar  are  in  use,  although 
microwave  is  primarily  in  a  status  of  development  and  testing,  with  two  installations  in 
field  use,  one  between  Moscow  and  Stalingrad,  handling  a  stated  near  half  of  railway 
communication  services,  and  the  other  somewhere  in  Siberia.  Radar  has  been  used  in 
retarder-yard  classification  activities  for  measuring  the  speed  of  cars  off  the  hump.  Sev- 
eral installations  were  evident  in  yard  layouts  which  we  visited,  although  there  was  no 
evidence  of  their  being  in  service.  Possibly  like  microwave,  radar  is  still  in  development  - 
test  service,  although  the  Russians  advised  that  radar  has  been  satisfactorily  perfected 
but  was  not  being  used  because  they  have  an  excess  of  people  available  in  yard  opera- 
tions to  adequately  handle  all  classification  work  without   its  use. 

The  general  condition  of  the  Russian  track  structure  can  be  classified  as  a  stoul 
construction  of  very  satisfactory  treated  softwood  ties,  with  a  good  start  in  the  use  of  ;i 
newly  developed  prestressed  concrete  tie;  satisfactory  appearing  rail,  although  much  of  a 
lifzht  section  designated  as  R.  43  (similar  to  U.S.  87  +  lb)  and  R.  50  (U.S.  101  -f  lb), 
with  a  limited  amount  of  R.  65  (U.S.  l.U-f-  lb),  and  a  ver\  small  amount  of  l<  75 
(U.S.  151  -f-  lb);  very  poor  ballast,  with  an  associated  most  irregular  line  and  surface 

on  much  of  the  main  track  I  was  aide  to  view.  Curves  were  i rlj  alined,  and.  judging 

from   their   riding   qualities,  had   improper  superelevation   for   the  speeds  operated,   with 
little  to  no  transition  runoffs  at  the  ends  of  many  curves.  For  the  slow  operating  speeds 
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used  by  the  Soviets,  such  track  conditions  are  undoubtedly  considered  satisfactory  for 
their  needs  as  they  are  doing  little  to  correct  them.  However,  such  conditions  would 
not  be  satisfactory  for  American  high-speed,  heavy-tonnage,  efficient  operations. 

The  safety  of  employees  or  the  public  along  line  of  road  is  of  little  concern  to  the 
Russians,  as  reconstruction  is  their  primary  aim.  Everything  else  is  secondary  to  quan- 
tity operations. 

The  mechanization  of  roadway  construction  and  maintenance  operations  is  at  a  very 
low  ebb  from  the  standpoint  of  actual  field  use.  Much  mechanization  is  seen  in  pictures 
and  in  text  books,  but  there  is  little  evidence  of  it  in  the  field.  Most  of  the  available  ma- 
chines observed  along  line  of  road  are  of  enormous  size,  only  usable  when  the  track  is 
taken  out  of  service,  and  few  in  number.  None  of  the  roadway  maintenance  operations 
that  we  were  permitted  to  view  were  completely  mechanized.  Rather,  hand  labor,  most 
abundant  along  line  of  road,  in  yards  and  shop  areas,  appeared  to  be  the  major  factor 
in  carrying  out  all  roadway  operations.  No  grass  or  weed  control  chemicals  are  used. 
All  growth  is  controlled  by  scythe,  hoeing,  or  the  old  fashioned  hand  pull-out  method. 

Mixed  sexes  are  used,  and  most  abundantly,  in  most  maintenance  gangs — female 
labor  being  in  the  majority  on  brigades  and  in  classified  maintenance  crews  where  ma- 
chines are  not  in  too  extensive  use,  as  normally  women  are  not  too  adaptable  as  road- 
way machine  operators. 

Rails  are  rolled  in  12^2-meter  (41  ft)  and  25-meter  (82  ft)  lengths.  For  yard  and 
wood-tie  panel  track  construction,  12% -meter  rails  are  welded  into  two  lengths,  while 
in  concrete-tie  panel  construction,  12%-meter  rails  are  utilized  because  the  extension 
boom-type  layers  available  are  of  insufficient  capacity  to  handle  25-meter  concrete  tie 
panels  with  R.  50  or  R.  65  rail.  Welded  rail  in  lengths  up  to  800  meters  (2624  ft)  is 
gaining  in  prominence.  Several  resistance  welders  are  in  plant  operation,  although  for 
no  good  reason  the  location  and  opportunity  to  view  these  operations  was  denied  our 
group.  All  I  could  assume  was  that  the  Russians  were  using  either  a  Swiss,  French  or 
German  resistance  welder  and  had  not  had  sufficient  time  to  disassemble  and  remake 
it  as  a  Russian  invention.  But  with  great  pride  we  were  shown  many  finished  welds 
in  track.  The  completed  welds,  especially  in  the  continuous  welded  rail  that  we  viewed, 
were  excellent  in  outward  appearance,  but  polish-ground  far  beyond  what  seemed  justi- 
fied physically  or  economically. 

The  standardization  of  all  track,  bridge  and  other  structural  materials,  together 
with  planning  and  accomplishment  of  maintenance  and  construction  of  roadway  work, 
has  been  accepted  and  is  practiced  throughout  all  of  the  35  railroads  in  Soviet  Russia. 
The  Russians  have  seen  the  enormous  benefits  obtainable  through  standardization  and 
are  using  it  in  all  of  their  roadway  operations. 

Housing  for  people,  especially  in  the  larger  cities,  is  a  major  problem  in  the  Soviet 
way  of  life.  An  extreme  shortage  exists,  necessitating  multiple  (two,  three,  four  and 
more  families)  use  of  available  single  apartments  and  pre-war  houses.  This  use  goes  to 
the  extent  of  two,  three  or  more  families  using  the  same  kitchen,  bath,  and  like  facili- 
ties. Usually  only  one — not  more  than  two — couples  use  the  same  bedroom.  The  housing 
shortage  is  such  that  it  affects  the  way  of  life  of  the  people,  their  birth  rate,  and  similar 
conditions  associated  with  home  life. 

An  enormous  quantity — not  quality — building  program  is  under  way  by  the  com- 
munist control  group  in  an  attempt  to  ease  this  disturbing  situation.  Apartment  house 
construction,  on  a  multiple-arrangement  basis,  many  stories  in  height  and  several 
hundred  feet  in  length,  is  most  prevalent  in  all  large  cities.  One  fabricator  in  Moscow 
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has  developed  a  cell-like  apartment   unit   construction   where  two   room   cells  of  pre- 

stressed  concrete  are  produced  on  a  mechanized  production  basis.  These  are  truck  trans- 
ported to  the  erection  site  in  two  room  segments  and  are  erected  into  large  size  multiple 
apartment  buildings — all  ready  for  occupancy  in  half  the  time  and  cost  of  standard 
construction. 

Parks  are  abundant  in  all  large  cities  and  are  well  patronized,  as  through  this 
medium  the  crowded  condition  of  their  home  life  can  be  temporarily  relieved  during 
mild  weather.  The  parks  are  well  maintained,  and  their  benches  and  green  lawns  are 
used  extensively  for  reading,  study  and  general  relaxation. 

The  people  of  Russia,  as  you  and  I,  are  normal  individuals,  although  they  are 
afraid  to  express  an  opinion  differing  from  that  of  the  present  regime.  They  have  been 
told  and  are  continually  being  told  only  what  the  regime  wants  them  to  know.  They 
are  not  permitted  to  read  outside  news  or  to  listen  to  any  other  than  Soviet  propa- 
ganda; and  they  have  been  brain  washed  to  the  extent  that  they  are  unable  to  think 
for  themselves.  They  are  a  hard-working  people,  from  what  I  could  observe,  are  serious 
thinking,  desirous  of  bettering  themselves,  and  appear  to  mind  their  own  business.  They 
only  know  they  are  better  off  than  they  were  under  the  seridom  of  the  old  Czarist 
regime,  and  believe  what  they  are  told  about  their — "Pot-of-Gold-at-the-end-of-their- 
rainbow" — futures.  Afraid  to  speak,  they  continue  on  and  live  with  what  they  have. 
Few  do  you  ever  hear  complaining  in  public.  I  do  not  know  what  occurs  in  private,  as 
we  could  not  speak  their  language  and  seldom  got  beyond  the  hearing  of  the  Russian 
guides  who  constantly  accompanied  us.  A  change  in  the  political  thinking  of  the  country- 
would  do  great  things  for  the  general  public. 

On  an  overall  and  general  comparison  basis,  in  my  opinion,  the  Soviet  transporta- 
tion arm  is  in  no  way  equal  to  our  American  rail  transportation  system.  Actually,  I 
would  say  they  are  at  least  some  twenty  or  more  years  behind  our  progress.  True,  the 
Soviets  have  a  strong  basic  track  structure,  but  it  is  poorly  maintained;  a  well-planned 
educational  and  research  organization,  but  lacking  that  needed  practical  application ;  a 
well-planned  car  and  locomotive  objective,  although  proceeding  most  slowly  to  accom- 
plishment. Possibly,  the  foremost  point  in  their  forward  strides  is  that  certain  desire  of  all 
employees  for  their  transportation  system  to  become  the  best  rail  transportation  organi- 
zation in  the  world.  They  consider  only  the  rail  system  of  the  United  States  superior 
and  further  advanced  than  their  own,  although  they  are  taking  every  step  possible  to 
equal  or  excel  our  status  as  the  best  transportation  system  of  the  world. 

We  must  remember  that  the  Soviet  transportation  plan  is  that  of  a  dictator  gov- 
ernment, a  controlled  organization,  whereby  they  control  all  freight  and  passenger  move- 
ments at  will,  set  rates,  and  dictate  when  and  how  movements  will  occur;  while  in  our 
American  system,  we  are  a  segmented  group,  with  no  one-man  controlled  organization, 
and  must  operate  on  an  economic  and  business-like  basis  in  competition  with  all  other 
modes  for  the  transportation  of  goods  and  people. 

If  our  American  system  continues  to  look  ahead,  developing  our  rail  transportation 
properties  on  a  forward,  economical,  and  sound  basis,  as  we  have  in  the  pasl  /ears,  w< 
have  nothing  to  fear  from  the  present  Russian  plans  of  advancement.  However,  it  we 
stop,  and  think  we  have  reached  the  Utopia  in  rail  transportation  and  rest  upon  our 
laurels  of  accomplishment,  tlien  look  out,  because  in  not  too  many  years  ahead  t In- 
Soviet  machine  will  certainly  pass  us  by. 

One  last  thought  I  want  to  leave  with  you.  The  Russians  have  a  definite  objective 
ahead.  Do  we  have  one?   [Applause] 
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View  of  two  main  tracks,  showing  method  used  by  Russian  track  main- 
tenance crews  of  outlining  toe  of  ballast  by  line  of  white-painted  ballast 
stones. 


Kiev.  Steel  truss  bridge  over  Dnieper  River.  Bridge  guard-and-shelter 
house  visible  at  end  of  bridge,  which  is  typical  of  all  major  bridges  and 
tunnels  on  Russian  railways.  Military  guards,  with  live  ammunition,  supple- 
mented during  night  hours  by  military  dogs,  are  on  a  24-hr,  7-day  per  week 
guard  patrol. 
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View  of  typical  tunnel  portal,  military  guard  shelter,  and  track  approaching 
tunnel  on  main  line  between  Sochi  and  Tuapse,  along  shore  of  Black  Sea. 


Prestressed  concrete  tie  plant  at  Baku,  in  Province  of  Georgia,  showing 
3-unit  tie  form  with  hardwood  lag  screw  inserts  placed  in  form,  ready  for 
concrete  pouring. 
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View  of  ties  as  poured  in  steel  tie  forms.  In  center  run,  3-tie  forms  are 
being  poured  prior  to  initial  vibrating. 


View  of  seasoned  prestressed  concrete  ties  being  loaded  into  gondola  cars 
for  shipment  to  track  panel  assembly  yard. 
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800-meter  lengths  of  continuous  welded  rail  of  R-50  section  on  prestressed 
concrete  ties,  near  Leningrad. 


View  of  typical  flash  butt-type  resistance  weld  in  800-meter  string 
of  continuous  welded  rail. 
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View  of  a  typical  rail  joint  and 


line  bSweei  iSSHU^SS  ^.."M,?"*^3  S"tim,  ""  °»  ™ 
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to  constrSctfon  sit/  tFam  movement  with  laying  gang  and  machines 
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View  of  base  plate  or  tie-plate-to-rail  placement,  using  clips  and  bolt 
construction.  Note  female  labor  using  electric  bolting  machine. 


View   of   concrete   ties,   rail   and   miscellaneous   track   material   storage 
in  panel  assembly  yard. 
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Gantry  cranes  for  shipside  unloading  or  loading  operations. 


The  following  six  photographs  show,  in  order,  the  track-panel  replace- 
ment method  observed  in  Russia,  from  the  initial  stage  of  ballast  cleaning 
and  track  removal,  using  excessive  size,  on-track  equipment.  Main  track  was 
removed  from  service  for  a  period  of  a  day  during  this  panel  removal  proj- 
ect. In  this  instance,  treated  wood  ties  and  R-50  rail  in  12^-meter  panels 
were  used.  Complete  operation  over  2460  ft  of  track  is  completed  in  a  3-  to 
3^-hr  track-out-of-service  period. 
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President  Brown:  Thank  you,  Mr.  Woolford,  for  your  most  interesting  talk.  It  is 
certainly  evident  that  you  kept  your  eyes  open  on  your  trip,  and  we  are  sorry  \vc 
couldn't  give  you  twice  as  much  time  to  tell  us  about  it. 

This  completes  the  convention  program  for  today.  Before  adjourning  the  meeting 
I  would  like  to  announce  that  J.  E.  Wiggins,  Jr.,  engineer  water  supply,  Southern  Rail- 
way System,  has  been  appointed  by  your  president  as  chairman  of  the  Tellers'  Com- 
mittee to  canvass  the  ballots  cast  for  the  officers  of  the  Association  for  the  coming  year. 
The  ballots  will  be  counted  in  Private  Dining  Room  2  at  the  Conrad  Hilton  Hotel  to- 
morrow morning  beginning  at  7  am,  looking  toward  announcing  the  names  of  the  suc- 
cessful candidates  at  our  annual  luncheon  tomorrow  at  noon. 

You  will  be  interested  to  know  that  the  convention  registration  up  to  3  pm  today 
included  1088  railroad  men  and  858  non-railroad  men,  a  total  of  1946.  This  registration 
compares  with  a  registration,  at  the  end  of  the  first  day  of  the  convention  last  year,  of 
811  railroad  men  and  535  non-railroad  men,  totaling  1346,  or  an  increase  this  year  of 
exactly  600. 

We  will  reconvene  tomorrow  promptly  at  9  am  in  the  Recital  Hall,  previously  des- 
ignated as  the  Assembly  Hall  as  shown  in  the  program  and  referred  to  in  the  AREA 
News.  The  Recital  Hall  is  on  this  floor  of  the  building,  south  of  the  room  we  are  now  in. 

The  session  will  begin  with  an  interesting  report  by  our  Committee  24 — Cooperative 
Relations  with  Universities,  which  will  include  an  address  by  Professor  K.  B.  Woods, 
head  of  the  Department  of  Civil  Engineering,  Purdue  University.  I  hope  you  will  make 
a  special  effort  to  be  on  hand. 

The  meeting  is  now  adjourned. 

[The  meeting  adjourned  at  5:40  pm] 


Wednesday   Morning  Session — March  8,   1961 

[The  meeting  reconvened  at  9:10  am,  President  Brown  presiding.  1 

President  Brown:  Gentlemen,  due  to  the  large  number  of  reports  that  we  have 
scheduled  to  hear  this  morning,  it  is  imperative  that  we  begin  promptly ;  we  are  10  min 
late  now.  I  realize  the  weather  is  bad  and  transportation  is  not  the  best,  but  we  will 
have  to  put  up  with  it. 

We  have  six  committee  reports  to  come  before  us,  several  with  special  features, 
before  our  Annual  Luncheon  at  noon  today. 

I  hope  you  like  our  meeting  room  for  today's  sessions.  This  theater-style  arrange- 
ment is  something  new  for  us,  and  I  only  hope  that  none  of  you  gets  drowsy  or  falls 
asleep  in  those  comfortable  bucket  seats. 

This  room,  nice  as  it  is,  has  one  serious  drawback  as  far  as  we  are  concerned — its 
small  stage.  Originally  we  had  planned  to  have  all  committee  members  up  here  at  two 
speakers'  tables,  one  behind  the  other,  with  the  front  speaker's  table  flush  with  the  foot- 
lights; but  as  late  as  last  week  someone  installed  a  20-ft,  motor-operated  movie  screen 
directly  overhead  which,  when  lowered,  would  have  sat  right  down  on  the  table,  putting 
all  of  our  committee  members  behind  it.  So,  with  apologies,  at  the  last  minute  we  had 
to  revert  to  the  single  speaker's  table  that  you  see  here,  which  will  seat  alone  the  officers 
and  subcommittee  chairmen  who  will  present  reports  in  this  room.  I  hope  our  committee 
members  will  not  consider  this  a  slight. 

To  make  things  worse,  when  the  screen  is  lowered  for  projection  purposes  we  will 
all  have  to  leave  the  platform  if  we  want  to  see  the  pictures.  This  room  just  wasn't 
made  right  for  the  AREA 
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L For  report  see  Bulletin   562,  pp.  55S-S63. 1 

[President  Brown  presiding.] 

PRESIDENT  Brown:  1  would  like  to  invite  to  the  speaker's  table  at  this  time  the 
chairman,  vice  chairman,  secretary  and  subcommittee  chairmen  of  Committee  24 — Coop- 
erative Relations  with  Universities,  our  first  committee  to  report  this  morning.  The 
other  members  of  this  committee  I  should  like  to  invite  t<>  come  down  and  take  seatf 
in  the  front  of  the  room  if  they  care  to. 

The  chairman  of  Committee  24  is  W.  VV.  Hay,  professor  of  railway  civil  engineering 
at  the  University  of  Illinois.  Professor  Hay,  when  you  get  up  here  I  shall  be  glad  to 
turn  the  meeting  over  to  you. 

Chairman  \V.  YV.  Hay:   Mr.  President,  members  and  guests: 

The  report  of  Committee  24  is  found  in  Bulletin  562,  pages  555  to  563  incl.  The 
committee  is  currently  working  on  seven  subjects.  To  allow  our  featured  speaker  the 
maximum  time,  I  will  make  only  a  brief  comment  on  these  subjects,  and  will  ;i-k  ea<  h 
subcommittee  chairman  to  stand  for  recognition  as  I  conclude  with  his  assignment. 

Assignment  1 — Stimulate  Greater  Appreciation  on  the  Part  of  Railway 
Management  of  (a)  the  Importance  of  Bringing  into  the  Service  Selected 
Graduates  of  Colleges  and  Universities,  and  (b)  the  Necessity  for  Provid- 
ing Adequate  Means  for  Recruiting  Such  Graduates  and  Retaining  Them  in 
the  Service. 

Chairman  Hay:  A  current  problem  is  to  determine  the  character  of  graduates  most 
likely  to  be  attracted  to  and  remain  in  railway  employment.  It  is  proposed  to  design  a 
questionnaire,  the  replies  to  which  would  develop  a  profile  of  the  present-day  railway 
engineer.  A  preliminary  questionnaire  has  been  prepared  which  will  be  tested  on  a  limited 
group  of  engineers  on  a  few  representative  railroads  in  order  to  insure  that  results  will 
warrant  a  more  widespread  distribution. 

J.  F.  Davison,  assistant  to  the  system  chief  engineer,  Canadian  National  Railways, 
is  giving  this  subcommittee  an  active  and  fruitful  leadership.  Mr.  Davison  also  serves 
as  the  AAR  member  of  the  American  Society  for  Engineering  Education  and  has  ably 
represented  the  railway  industry. 

At  this  time,  however.  I  had  intended  to  ask  Mr.  Davison  to  say  a  few  words  about 
his  representing  the  AREA  at  another  meeting,  a  Conference  on  Civil  Engineering  Edu- 
cation sponsored  by  Cooper  Union,  the  American  Society  of  Civil  Engineers,  the  Ameri- 
can Society  for  Engineering  Education  and  the  National  Science  Foundation,  and  held 
at  the  University  of  Michigan  last  July.  Mr.  Davison  is  unable  to  be  here,  but  has  pre- 
pared a  memorandum  of  that  attendance,  which  will  be  read  by  A.  V.  Johnston,  chief 
engineer   of   the   Canadian   National   Railway.   Mr.  Johnston. 

A.  V.  JOHNSTON  (for  J.  F.  Davison):  Although  this  conference  was  the  third  on 
this  subject,  the  previous  two  conferences  were  restricted  to  a  comparatively  small  num- 
ber of  engineering  delegates  who  had  become  concerned  as  the  result  of  experiences  ;it 
their  own  universities.  Their  concern  was  due  largely  to  registrations  in  civil  engineer- 
ing falling  off  faster  than  registrations  within  other  branches  of  engineering,  and  also 
to  the  registrants  appearing  to  be  of  lesser  intellectual  capacity.  This  third  conference 
was  open  to  delegates  from  all  accredited  engineering  colleges,  and  with  representatives 
from  all  engineering  societies.  The  conference  consisted  of  four  sessions,  each  having  a 
separate  subject: 
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Session  1 — The   Basis  of  Civil  Engineering  Education. 

Session  2 — Proposed  Structure  of  the  Undergraduate  Curriculum. 

Session  3 — Professional  Development. 

Session  4 — Aims  and  Objectives. 

The  subject  of  each  session  was  subdivided  into  two  or  more  parts,  each  with  a 
speaker  followed  by  prepared  discussion  delivered  by  a  second  speaker.  Although  there 
was  considerable  divergence  in  the  various  speakers'  approach  to  their  subject,  one  point 
in  common  was  the  apparent  need  for  up-grading  civil  engineering  education,  both  in 
the  academic  and  professional  fields.  In  general,  the  speakers'  opinion  favored  greater 
emphasis  on  the  pure  science  content  as  part  of  a  three-year  common  core  curriculum 
with  professional  status  being  granted  following  two  or  three  further  years  study,  or 
about  the  Masters  or  Doctorate  level. 

The  conference  closed  after  accepting  some  11  resolutions  for  further  screening  and 
decision,  the  action  to  be  determined  by  a  vote  by  mail.  This  has  not  yet  been  done. 
Considerable  correspondence  has  been  conducted  since  the  conference  closed.  The  reason 
for  the  difficulty  in  reaching  a  decision  is  indicated  by  the  following  quotation  from  one 
of  these  letters: 

"Basically,  the  question  before  the  conference  was  not  what  single  mold  engineering 
education  should  be  forced  into— only  with  diversity  and  experimentation  can  it  supply 
society's  vast  range  of  needs.  It  was  rather  a  question  which  should  be  answered  by 
the  whole  profession:  to  what  level  in  the  hierarchy  of  engineering  work  should  the 
line  for  professional  recognition  be  raised?  (It  was  not  whether  we  should  eliminate  four- 
year  technical  curricula,  but  whether  we  should  continue  to  allow  four-year  men  to 
become  engineers)." 

Publication  of  the  conference  proceedings  and  ballotting  on  the  conference  resolu- 
tions is  immediately  impending.  For  those  who  wish  further  information,  copies  of  the 
conference  proceedings  are  available  at  ASCE  headquarters  in  New  York,  at  a  nominal 
charge  of  $1. 

Assignment  2 — Stimulate  Among  College  and  University  Students  a 
Greater  Interest  in  the  Science  or  Transportation  and  Its  Importance  in  the 
National  Economic  Structure  by  (a)  Cooperating  with  and  Contributing  to 
the  Activities  of  Student  Organizations  in  Colleges  and  Universities,  and 
(b)  Presenting  to  Students  and  Their  Counselors  a  Positive  Approach  to 
the  Attractive  and  Interesting  Features  of  the  Railroad  Industry  and  the 
Advantages  of  Choosing  Railroading  as  a  Career. 

Chairman  Hay:  As  in  the  past,  this  year's  report  records  the  activities  of  various 
individuals  in  bringing  the  railroad's  story  to  students  on  college  and  university  cam- 
puses. Of  special  note  is  the  excellent  address  given  by  W.  H.  Huffman,  former  chair- 
man of  Committee  24  and  assistant  chief  engineer  of  the  Chicago  &  North  Western 
Railway,  before  the  Transportation  Committee,  Civil  Engineering  Division  of  ASEE 
at  their  annual  meeting  of  last  June  at  Purdue  University. 

Subcommittee  2  has  assumed  responsibility  for  assisting  the  secretary  of  AREA  in 
conducting  the  student  affiliate  program  authorized  last  fall  by  your  Board  of  Direction. 
This  program  is  developing  successfully,  with  42  student  affiliates  now  enrolled.  Several 
of  them  will  be  guests  of  the  Association  at  the  annual  luncheon  today. 

Professor  B.  B.  Lewis  of  Purdue  University  has  continued  his  excellent  work  as 
chairman  in  guiding  this  subcommittee's  activities. 
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Assignment  3 — The  Cooperative  System  of  Education,  Including  Sum- 
mer Employment  in  Railway  Service. 

Chairman  Hay:  This  subcommittee  for  the  third  consecutive  year  has  submitted 
to  the  deans  of  125  colleges  information  from  a  canvass  of  United  States  and  Canadian 
railroads  regarding  summer  employment  opportunities  for  undergraduates.  The  number 
of  favorable  letters  received  from  engineering  colleges  is  an  indication  of  their  general 
interest  in  this  project.  The  questionnaire  and  answers  are  going  out  earlier  this  year, 
in  an  effort  to  meet  a  need  expressed  by  the  universities  for  information  before  summer 
plans  have  been  completed.  Professor  VV.  A.  Oliver  of  the  University  of  Illinois  is  the 
able  chairman  for  this  assignment. 

Assignment  4 — What  Constitutes  a  Desirable  Curriculum  for  Students 
to  Pursue  in  Preparation  for  a  Career  in  Railroad  Engineering? 

A  study  is  in  progress  of  significant  changes  now  being  made  in  the  engineering 
curriculum.  Consideration  will  also  be  given  to  determine  if  the  training  offered  by 
technical  institutes  will  satisfy  the  requirements  for  certain  railroad  engineering  personnel. 

Other  factors  to  be  considered  include  an  appraisal  of  future  education  requirements 
for  railroad  personnel  and  the  use  of  orientation  and  training  programs  to  supplement 
the  university's  preparation.  These  studies  are  directed  by  Chairman  T.  D.  VVofford,  Jr., 
engineer  of  design,  Illinois  Central  Railroad. 

Assignment  5 — Ways  in  Which  Railroads  Can  Cooperate  with  Univer- 
sities in  Developing  Research,  Including  the  Revising  of  "Suggested  Topics 
for  Theses  on  Railroad  Subjects." 

Chairman  Hay:  This  is  a  new  assignment  which  will  be  under  the  direction  of 
H.  E.  Hurst,  division  engineer,  The  Milwaukee  Road.  Mr.  Hurst  unfortunately  is  not 
with  us  this  morning. 

Assignment  6 — Procedures  for  Orienting  and  Developing  Newly  Em- 
ployed Engineering  Personnel. 

Chairman  Hay:  This  year's  progress  report  was  prepared  by  the  former  chairman, 
R.  E.  Loomis,  former  supervisor  of  personnel,  Elgin,  Joliet  &  Eastern  Railway.  A  help- 
ful feature  in  the  report  is  an  outline  for  orientation  of  new  employees  which  can  be 
used  either  in  its  present  form  or  as  the  basis  for  a  more  ambitious  program.  Mr.  Loomis 
has  since  left  the  railroad  industry  and  the  chairmanship  of  this  subcommittee.  We  are 
grateful  to  Mr.  Loomis  for  the  commendable  work  he  has  done  on  his  assignment,  and 
regrel    his  departure   from   the  leadership  of  this  subcommittee. 

The  work  on  Assignment  6  will  be  carried  forward  under  the  chairmanship  of 
C.  E.  R.  Haight,  chief  engineer  of  the  Delaware  &  Hudson  Railway. 

Assignment  7 — Stimulate  an  Interest  by  College  and  University  Staff 
Members  in  Current  Railroad  Problems  and  Practices,  Including  AREA 
Membership. 

Chairman  Hay:  Subcommittee  7  is  engaged  in  exploring  professorial  suggestions, 
obtained  in  an  earlier  questionnaire  study,  of  ways  to  improve  communication  between 
railroads  and  engineering  schools  and  colleges.  This  study  will  be  continued  in  1961 
under  the  chairmanship  of  Frank  Kerekes,  dean  of  the  faculty,  the  Michigan  College  oi 
Mining  and  Technology. 

Our  secretary  is  \V.  S.  Kerr,  vice  president  and  business  manager  of  Northwestern 
University. 

Bull.    :...-. 
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Introduction   of   Special   Feature 

Chairman  Hay:  This  completes  the  report  on  Committee  24's  assignments.  I  will 
ask  the  subcommittee  chairmen  to  step  down  so  that  we  can  prepare  for  our  featured 
speaker. 

Now,  I  would  like  to  introduce  our  speaker.  You  may  or  may  not  be  aware  that  a 
change  in  emphasis  and  curricula  content  has  been  taking  place  in  engineering  educa- 
tion. This  change  will  surely  have  some  impact  on  the  personnel  problems  and  policies 
of  railroads.  No  one  is  better  able  to  tell  us  of  these  trends  than  our  speaker,  who  has 
pioneered  in  bringing  these  changes  into  being. 

Professor  K.  B.  Woods  has  been  head  of  the  Civil  Engineering  Department  at 
Purdue  University  and  Director  of  the  Joint  Highway  Research  Council  since  1954. 
Prior  to  that  he  had  served  as  the  assistant  in  these  capacities.  He  has  been  active  in 
research  and  consultation  on  soils  and  aggregates  especially  as  related  to  highway  and 
railway  construction  in  cold  climates.  He  has  performed  consultation  on  permafrost 
and  arctic  construction  in  Alaska,  Canada,  Greenland  and  Arctic  Island  for  the  Corps 
of  Engineers,  United  States  Army,  the  Bureau  of  Public  Roads,  the  M.  A.  Hanna  Com- 
pany, the  Iron  Ore  Company  of  Canada,  the  Quebec,  North  Shore  &  Labrador  Railway, 
and  others.  Since  19S6  he  has  been  chairman  of  the  Advisory  Committee  for  the  23- 
million-dollar  AASHO  road  tests. 

Professor  Woods  is  active  in  more  than  a  dozen  technical  and  professional  societies, 
served  as  president  of  the  American  Society  for  Testing  Materials  in  1958  and  1959, 
and  has  been  a  member  of  the  ASTM  Board  of  Directors  since  1953.  He  was  editor-in- 
chief  for  the  Highway  Engineering  Handbook  published  in  1959.  In  addition,  he  has 
received   numerous   awards   for   his  writings  and  contributions   to   engineering  research. 

Committee  24  is  proud  to  present  Professor  K.  B.  Woods,  who  will  speak  on  the 
subject,  "The   1961   Civil  Engineering  Graduate."  Professor  Woods.    [Applause] 

The  1961   Civil  Engineering  Graduate 
By  K.  B.  Woods 

Head,   School  of  Civil    Engineering 
Purdue  University 

The  explosion  in  technological  advances  that  has  been  developing  during  the  past 
few  years  is  influencing  each  of  us  profoundly — more  perhaps  than  we  realize.  Certainly 
the  impact   on   education  is  tremendous — especially  engineering  education. 

Most  of  us  assembled  here  at  the  1961  Annual  Meeting  of  AREA  are  graduates  of 
schools  of  engineering,  largely  from  the  United  States  and  Canada.  Furthermore,  we 
very  likely  are  products  of  curricula  loaded  with  courses  in  shop,  surveying,  drafting, 
steam  engines,  and  electric  power.  Unfortunately,  many  of  our  own  children  have  been 
subjected  to  this  same  concept  of  engineering  education  aimed  at  proficiency  in  skills 
and  in  the  art  of  engineering. 

Those  days  are  almost  gone !  A  modern  engineering  curriculum  has  little  resemblance 
to  the  one  required  for  a  degree  a  few  years  ago — and  of  more  importance  perhaps  is  the 
fact  that  the  curriculum  of  tomorrow  has  not  yet  been  completely  designed.  Nor  is  it  ever 
liable  to  be  "designed"  in  the  sense  that  it  will  ever  be  "static"  again.  Of  one  thing  we 
seem  to  be  sure — change  must  be  accepted,  and  at  an  accelerating  rate,  as  a  necessary 
aspect    of   future   curricula. 
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It  is  my  purpose  today  to  review  brief!)  the  many  problems  being  encountered  l>> 
our  schools  of  engineering  and  to  discuss  some  of  the  answers  being  developed  to  solve 
these  problems.  I  will  speak  largely  from  the  viewpoinl  of  civil  engineering  education. 

The  Problems 

In  early  July  i960,  more  than  200  civil  engineering  educators,  and  a  sprinkling  of 
practicing  engineers  and  representative  from  the  other  professional  engineering  fields, spent 
almost  three  days  at  the  University  of  Michigan  discussing  civil  engineering  education.' 
One  appraisal  of  civil  engineering  education  at  that  conference  which  will  probably 
profoundly  effect  practicing  engineers  such  as  the  group  here  today  can  perhaps  best  be 
indicated  by  quoting  directly    from  the  keynote  address  by  Dr.  N.  M.  Newmark: 

".  .  .  One  of  the  difficulties  in  technology  is  in  keeping  the  educational  program  current 
with  practice.  Too  often,  our  college  courses  are  based  upon  practical  considerations 
which  are  already  out  of  date,  and  arc  taught  to  students  who  will  be  in  practice  five 
years  hence  when  there  will  be  even  further  changes  in  practice.  Consequently  only  those 
aspects  of  professional  education  which  are  fundamental  and  basic  to  a  changing  tech- 
nology can  profitably  be  taught  either  in  undergraduate  or  graduate  university  pro- 
grams." 

"...  It  is  no  longer  possible  to  provide  in  schools  a  background  in  practical  applica- 
tions of  new  developments,  even  if  it  were  desirable  to  do  so.  It  has  become  increas- 
ing obvious  to  educators  that  we  can  provide  only  a  fundamental  background  of  knowl- 
edge  on   which   the   engineer  can   build  after   his   formal  college  education   is  completed 

Demands  from  industry  or  consulting  firms  that  engineers  be  thoroughly 

trained  as  technical  aids  when  they  report  for  their  first  job  are  impossible  to  meet  with- 
out sacrificing  other  vital  aspects  of  their  education  and  professional  responsibilities. 
Industry,  as  well  as  the  practicing  engineer,  has  an  obligation  to  help  the  graduate  obtain 
the  balance  of  his  professional  training." 

This,   it   seems,   should   be   understood   by   those    who    will   employ    civil  engineering 

graduates   of  the   future.  This  is  the  trend,  and  if  the  practicing  profession  takes  issue 

with  this  trend  they  will  have  to  originate  a  strong  movement  to  arrest  it.  Dean  Cor- 
nelius Wandmacher  in  a  summary  of  the  conference  stated: 

"Surely  the  direction  outlined  at  this  conference  is  the  direction  in  which  we  are 
moving;  it  is  only  a  question  of  time  before  we  all  will  have  arrived.  The  important 
thing  is  to  recognize  when  this  arrival  occurs.  Perhaps  for  some  schools  this  has  ahead) 
happened.  And  so  the  question  is — not  do  we  have  a  good  program  in  civil  engineering, 
but   rather — do  we  have  the  best   possible  program?" 

Earlier  your  speaker  stated  at  the  62nd  Annual  Meeting  of  the  American  Society 
for  Testing   Materials:' 

"It  is  my  opinion  that  chemical  engineering  will  maintain  its  identity  as  a  profession 
School.  Civil  engineering  is  rapidly  replacing  skills  with  more  work  in  the  sciences,  and 
this  group  will  emerge  as  a  strong  professional  one  in  mosl  engineering  schools    I 

neering   science   and   electrical   and    aeronautical   engineering   are   all    science   oriented — the 
next    few   years   will   be  critical   in  determining   whether  or  not   they    will   lie  able  to   main 
tain  their  separate  engineering  identities." 

These  reference-  are  onlj  samples  from  a  large  body  of  literature  being  developed 
on  the  subject  of  engineering  education,  thus  indicating  the  greal  interest  ol  educators 


i "Conference  on   Civil    Engineering   Education",  sponsored  Union,   the    American   Soi 

of   Civil    Engineers,   the   American   Societj    foi    Engineeri  d   th<    National   Scteno    Founda- 

tion.  (In  press  through  tin-  facilities  ol  the    American  Society  "i  civil   Engineers  i 

•"Symposium  on  Education  in  Materials"  sponsored  jointly  by  the  American  Societj  foi  resting 
Materials  and  th<-  American  Society  for  Engineering  Education,  VSTM  Special  technical  Publication 
No     263. 
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in  doing  a  better  job  with  our  young  men  and  women.  Essentially  the  problem  for  many 
institutions  is  that  of  establishing  an  optimum  four-year  undergraduate  curriculum  usable 
for  the  complete  cross  section  of  engineering  students  who  will  ultimately  be  engaged 
in  work  ranging  from  research  and  development  and  university  teaching  to  that  of  the 
practicing  engineer  or  even  sales  engineer. 

It  is  interesting  to  note  that  only  about  one-half  of  engineering  graduates  remain 
in  the  field  of  engineering  where  they  received  their  degree  (see  Table  1.)  In  the  case  of 
civil  engineers  it  is  to  be  noted  that  57  percent  of  those  graduated  from  1911  through 
1956  stayed  in  civil  engineering — that  an  additional  18  percent  went  into  engineering 
management — that  another  14  percent  changed  to  some  other  kind  of  engineering — and 
that  only  9  percent  dropped  engineering  entirely. 

The  Work  of  the  Civil  Engineer 

In  evaluating  the  contents  of  a  modern  curriculum,  perhaps  consideration  should  be 
given  to  at  least  an  estimate  of  the  responsibilities  to  be  faced  by  the  civil  engineer  of 
tomorrow.  Again  referring  to  the  Purdue  report,"  Table  2  compares  the  present  employ- 
ment status  of  the  1911  through  1956  graduates  with  the  first-employment  status  of  the 
1960  spring  graduates.  It  is  significant  to  note  that  only  20  percent  of  the  June  1960 
graduates  were  employed  in  construction  and  management  as  compared  to  50.6  percent 
in  the  1911-1956  group.  These  data  suggest  minimizing  undergraduate  descriptive  con- 
struction courses  in  a  modern  curriculum  and  the  development  of  strong  graduate  pro- 
grams in  this  area.  At  the  same  time  the  quality  of  any  undergraduate  construction 
offerings  in  civil  engineering  should  be  strengthened. 

Note,  also,  in  Table  2,  the  increase  with  time  (age)  in  interest  in  consulting  and 
private  work  and  the  decrease,  with  time,  in  the  percentage  employed  by  government 
agencies.  This  may  reflect,  in  part,  the  great  increase  in  the  amount  of  civil  engineering 
planning  and  design  performed  for  government  agencies  by  firms  of  consulting  engineers. 
An  important  factor  not  shown  in  Table  2  is  the  great  diversity  of  the  civil  engineering 
profession,  i.e.,  structures,  sanitary  engineering,  transportation,  soil  mechanics,  etc.,  that 
makes  the  designing  of  a  modern  civil  engineering  curriculum  difficult. 

Graduate  Programs  in  Civil  Engineering 

In  looking  to  the  future,  probably  the  most  important  factor  to  be  considered  is 
the  greatly  increased  emphasis  in  graduate  work  in  civil  engineering,  occasioned  by  the 
almost  exponential  growth  of  scientific  knowledge  which  is  applicable  to  the  specialized 
areas  of  the  profession.  Fig.  1  shows  strikingly  the  increase  in  both  M.S.  and  Ph.D. 
enrollment  in  civil  engineering  at  Purdue  while  Fig.  2  shows  the  corresponding  great 
increase  in  graduate  degrees  granted. 

Referring  again  to  Table  2,  this  trend  in  increased  graduate  enrollment  is  not  so 
apparent  since  many  students  are  now  returning  to  obtain  advanced  degrees  5,  10,  and 
15  years  after  having  received  their  original  BSCE  degree.  This  is  especially  true  of  those 
men  interested  in  research  and  development,  teaching,  and  consulting  and  private  prac- 
tice. The  importance  of  more  advanced  work  over  that  to  be  obtained  at  the  BS  level 
could  raise  professional  registration  standards  to  a  point  requiring  the  MS  degree  or  at 
least  a  fifth  year  of  work  as  minimum  for  an  engineering  license. 

3  From  "A  Study  of  the  Purdue  University  Engineering  Graduate",  by  William  K.  LeBold,  Ed- 
ward C.  Thoma,  John  W.  Gillis,  and  George  A.  Hawkins,  Purdue  University  Bulletin,  Vol.  XLTV,  No. 
1,    January    1060. 
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Table  l— Thk.  Current  Employment  of  Purdue  Engineering  Graduates 
By  Aria  of  Engineering  Dm. km 
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Table  2 — Comparison  of  Data  for  June  1960  Purdue  Civil  Engineering  Graduate 
with  the  Data  Collected  in  the  Study  of  the  Purdue  University  Graduate 
(Sample  of  3799  Out  of  24,294  Degrees  Awarded  Between  1911 
Through  1956) 


Employment  Status 

June  I960 
CE  Graduates 

lull    1968  Purdui 
CE  Graduates  :l 

Military  establishment..    -    .     .-_. 
Private  and  consulting 

10% 
10% 

I.".', 

20% 
20% 

10.5% 
15.2% 

1   ■-■', 

10.6% 

Construction,  manufacturing 

50.  c, 
8.5% 

100 

100.11 

Undergraduate  Curriculum  in  Civil  Engineering 

The  impact  of  these  changes  is  significant  with  respect  to  undergraduate  curricula. 
In  the  first  instance,  the  changeover  from  a  complete  undergraduate  concept  for  civil 
engineering  education  to  that  of  large  graduate  programs,  requires  the  development  of  a 
staff  capable  of  administering  work  at  an  advanced  and  more  scientific  level.  Once  this 
is  accomplished  these  undergraduate  programs  are  automatically  improved  by  the  pres- 
ence of  the  research  and  graduate  program  and  by  the  presence  of  the  new  staff  itself. 

The  trends  in  civil  engineering  curricula  for  three  Indiana  colleges  are  noted  in 
Table  3.  Fig.  3  presents  these  same  trends  in  graphical  form  for  Purdue  alone.  The  per 
centage  of  time  spent  by  the  student  in  the  early  1900's  in  drawing  and  shop  was  about 
17  percent  as  compared  to  about  2  percent  in  1960.  Surveying  in  the  civil  engineering 
curriculum  has  dropped  in  similar  fashion  from  about  20  percent  to  5  percent  (11  per- 
cent to  .5  percent  at  Purdue)  but  at  the  same  time  the  quality  of  the  course  has  increased 
markedly. 

Perhaps  the  most  significant  fad  shewn  in  Fig.  3  is  the  sharp  downward  trend  in 
percentage  of  time  spent  on  skills  i.e.,  shop,  drafting,  the  manual  aspects  <>i  surveying, 
etc.,  and  the  increased  emphasis  placed  on  mathematics,  science,  and  engineering  science 
courses.    Although    these    data    cover    only    one    localized    area,    it    is    the    writer's    opinion 

that  the  trends  are  fairly  representative  of  civil  engineering  curricula  in  general.  Main 


1  Prom  \  Study  <>f  tin-  Purdue  t  niversitj  Engineering  <  Sraduate".  bj  William  K.  LeBold,  I  dward 
('.  Thoma,  John  W.  Gillis,  and  (  leorge  \.  Hawkins,  Purdue  I  nivereitj  Bulletin,  Vol.  \  I  I  \  .  No,  t,  Januan 
I960. 
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Fig.  1. 


civil  engineering  educators  are  looking  Ear  beyond  the  present  status  of  the  profession 
in  the  development  of  curriculum.  This  is  a  good  sign  since  our  present  students  will  be 
encountering  increasingly  more  difficult  problems  as  compared  to  those  faced  by  civil 
engineers  today. 

Minimum  Standards  for  the   Modern   BSCE  Curriculum 

With  the  great  emphasis  being  given  to  graduate  work,  in  civil  engineering  resulting 
from  the  welcome  but  severe  impact  of  the  sciences  and  scientifu   developments  which 

are  influencing  the  entire  profession,  it  no  longer  appear-  nccessar>  to  crowd  the  cur- 
riculum with  complete  details  of  all  the  specialities  of  civil  engineering.  These  can  and 
are    being   best    handled    at    an    advanced    level— indeed   the   profession   is   doomed   to 

mediocrity  if  this  isn't  done. 

The  hours  required  for  graduation  should  Ik-  studied  carefully  with  an  aim  of  dimin- 
ishing the   total   number  of   hours.   Reduction  in   hours  i-   necessary   because  of  a   student's 

capacity.  With  increased  difficult)  of  individual  courses  it  is  unrealistic  to  continue  to 
hold  the  student  to  the  same  number  of  credit  hours  as  a  load  Bach  civil  engineering 
course  should  be  taught  From  and  with  the  use  of  applicable  basic  and  engineering 
sciences.  Higher  standards  are  also  indicated  in  many  situations.  The  new  civil  engineer- 
ing graduate  should  understand  the  use  ,,t   computers  in  every  day  design    he  should 

understand    the    basic     principles    ol    photoL-raniinet  r>  .    His    background    should    include    al 


844 


Coopera  tive    Relations    with    Universities 


PURDUE  UNIVERSITY 
SCHOOL  OF  CIVIL  ENGINEERING 
GRADUATE  DEGREES  GRANTED/ 


50 


YEAR 


Fig.  2. 


least   a   conversational   background   in   nuclear   and  solid   state   physics  and  in   physical 
chemistry.  He  should  be  proficient  in  mathematics — at  least  through  differential  equations. 

Perhaps  even  more  important  than  the  attainment  of  a  level  of  proficiency  in  sub- 
ject matter  alone,  the  civil  engineering  graduate  should  have  gained  an  insight  into  the 
unity  and  similitude  of  the  engineering  disciplines.  For  example,  he  should  recognize  that 
some  aspects  of  traffic-flow  phenomena  can  be  investigated  from  considerations  of  com- 
pressible fluid  flow ;  or,  that  the  flow  of  fluids,  heat,  sound,  electricity,  and  even  stress 
bear  great  similarity.  He  should  recognize  that  his  static  solutions  not  only  compromise 
the  flow  of  time  (like  a  standing  train)  but  that  they  generally  represent  only  a  special 
case  of  the  overall  problem. 

It  may  be  repetitious — but  perhaps  necessary — to  say  that  these  goals  can  be 
achieved  by  a  systematic  search  for  the  optimum  material  that  should  be  given  in  each 
civil  engineering  area.  The  method  through  which  these  goals  are  accomplished  will  vary 
from  school  to  school,  depending  upon  the  local  environment,  administration,  financing, 
and  even  local  needs — and  rightly  so.  An  arts-science  degree — four  years  plus  an  engi- 
neering degree  at  the  end  of  the  fifth  or  sixth  year  may  be  ideal  in  one  locality  as  com- 
pared to  a  S-year  engineering  program  geared  only  at  offering  the  BSCE  degree.  A  four- 
year  program  for  the  BSCE  degree  with  needed  depth  being  presented  in  MS  &  PhD 
programs  is  common  in  many  of  the  large  state  universities. 

In  viewing  the  situation  from  the  large  engineering  school  the  writer  suggests  for 
some  of  these  schools: 
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1.  BSCE  degree  in  four  years  with  about  140  semester  hours  containing  20  per- 
cent humanities,  30  percent  basic  science  (math,  physics,  chemistry),  20  per- 
cent engineering  science  (thermodynamics  etc.),  plus  about  30  percent  civil 
engineering  core  material. 

2.  For  the  better  students,  a  more  science-oriented  program  planned  specifically 
at  preparation  for  graduate  work. 

3.  Emphasis  on  graduate  programs  with: 

a.  Two  types  of  MS  programs — one  devoted  to  obtaining  professional  com- 
petence—and the  other  devoted  to  preparation  for  research  and  development 
work   at    the  doctorate  level. 

b.  Phi)  programs  devoted  to  developing  hit-h  level  technical  competence  Foi  pro 
fessional  (civil)  engineers  or  preparation  for  teaching,  research,  and  develop- 
ment. 
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APPENDIX   A— SELECTED   ENGINEERING   EDUCATION    BIBLIOGRAPHY 

Aspects  of  Modem  Engineering  Education,  J.  W.  Hodgins.  Society  of  Automotive 
Engineers,  Paper  No.  S39,  7  p. 

Implications  of  accelerated  growth  of  engineering  sciences  for  engineering  education ; 
particular  reference  made  to  task  of  setting  up  modern  engineering  school  at  McMaster 
University;  three  stages  of  development  of  school  are:  curriculum  development,  planning 
of  facilities,  and  assembly  of  staff;  educational  philosophy  is  outlined  with  regard  to 
general  training,  specialization,  humanities  and  social  studies,  research,  etc. ;  features  of 
curriculum. 

Case  for  Two-Year  Graduate  Degree,  B.  C.  Boulton.  Institute  of  Radio  Engineers, 
Transactions  on  Education,  v.  E-l,  No.  1,  March  1958,  p.  10-12. 

In  response  to  need  of  industry,  several  of  leading  engineering  colleges  are  granting 
professional  degree  after  two  years  of  graduate  work  instead  of  one  year  normally  re- 
quired for  Master's  degree ;  author  presents  reasons  why  this  is  desirable  from  standpoint 
of  student,  university,  and  industry. 

Impact  of  New  Engineering  Concepts  on  Engineering  Education,  J.  F.  Calvert.  Elec- 
trical Engineering,  v.  76,  No.  12,  December  1957 ,  p.  1041-4. 

Discussion  of  impact  which  new  concepts  of  information,  control,  and  computing 
theory  can  exert  on  engineering  education;  memorizing  and  routine  calculation  ought  to 
give  more  room  for  decision  making,  discovery,  and  creative  engineering  in  future  edu- 
cational activities. 

Reorientation  in  Engineering  Education,  L.  V.  Bewley,  Journal  of  Engineering  Edu- 
cation, v.  48,  No.  7,  March  1958,  p.  497-507. 

Reappraisal  of  existing  methods  with  view  towards  more  efficient  and  economical 
use  of  teachers,  equipment  and  space ;  plan  for  teaching  offered  is  radical  departure 
from  existing  pattern  and  requires  design,  power,  electrical,  chemical  and  physical  proper- 
ties of  materials,  processing  and  manufacturing,  and  general  engineering  and  construction 
departments;    organization   and  administration;    physical  layout. 

Role  of  Technical  Institute  in  Next  Decade,  H.  R.  Beatty.  Institute  of  Radio  Engi- 
neers,  Transactions  on  Education,  v.  E-l,  No.  1,  March  1958,  p.  20-5. 

During  next  10  years  technical  institute  education  in  United  States  should  be  ex- 
panded 10  times  while  other  forms  of  higher  education  are  doubled;  only  in  this  way 
will  we  able  to  get  efficient  utilization  of  our  scientists  and  engineers;  better  acceptance 
of  engineering  technician  by  industry  and  engineering  profession  will  help  to  accomplish 
this. 

What  Basis  for  Education  in  Transportation  Engineering,  H.  E.  Davis.  Better  Roads, 
v.  28,  No.  8,  August  1958,  p.  23-4,  40. 

Review  of  how  engineering  profession  contributes  to  transportation,  and  how  engi- 
neering schools  contribute  to  preparation  of  those  who  will  become  involved  in  trans- 
portation field ;  status  of  education  discussed  and  proposed  solutions  including  under- 
graduate instruction  program  more  strongly  based  on  science  and  mathematics ;  program 
of  graduate  study  outlined. 

Physics  Courses  in  New  Arizona  Engineering  Curriculum,  A.  B.  Weaver.  Institute 
of  Radio  Engineers,  Transactions  on  Education,  v.  E-2,  No.  4,  September  1959,  p. 
117-20. 

To  facilitate  adoption  of  common  core  curriculum  in  Schools  of  Engineering  and 
Mining  at  University  of  Arizona,  general  physics  course  for  engineers  has  been  dropped; 
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physical  Foundation  for  engineering  taught  in  a  new  series  of  courses  in  civil,  mechanical, 
electrical  engineering,  and  physics  departments  as  part  of  common  core;  role  of  physics 
in  engineering  discussed. 

Program   in    Engineering   Science  for  All  Engineering  Students,  A.   I.   Murphy.   Elet 
trical  Engineering,  v.  78,  No.  10,  October  1959,  p.  1006-11. 

Program  of  undergraduate  engineering  education  built  around  core  of  courses  that 
stress  fundamental  understanding  of  engineering  sciences  for  all  students;  it  is  hoped 
this  program  modification  will  foster  creative  ability  necessary  to  meet  demands  of 
increasingly  complex  technological  society. 

Experiment  in  Reduction  of  Physics  Content,  J.  D.  Ryder.  Journal  of  Engineering 
Education,  v.  49,  No.  2,  November  195S,  p.  118-21. 

Paper  reports  experiment  made  at  Michigan  State  University  to  measure  need  for 
traditional  introductory  physics  course;  all  engineering  departments  introduced  at  least 
one  course  in  modern  physics  at  junior  or  senior  level  divided  into  quarter  semester  of 
mechanics,  quarter  of  heat  and  electricity,  and  quarter  of  modern  physics;  other  details: 
it  is  concluded  that  2-year  experiment  justifies  elimination  of  some  classical  physics 
training  as  prerequisite  to  more  advanced  engineering  work. 

Philosophy  of  Engineering  Education,  J.  S.  Johnson.  Journal  of  Engineering  Edu- 
cation, v.  49,  No.  7,  March  1959,  p.  580-7. 

Important  technological  and  scientific  developments  brought  forth  since  1939  im- 
posed new  problems  upon  engineering  educator  and  need  to  reorganize  training  methods 
to  incorporate  more  of  scientific  approach  to  engineering;  effect  of  these  developments 
on  curricula;  list  of  12  objectives  for  engineering  program  summarized. 

Survey  of  Current  Changes  That  Are  Modernizing  Engineering  Education,  L.  E. 
Grinler.  Journal  of  Engineering  Education,  v.  49,  No.  7,  March  1959,  p.  559-72. 

Summary  of  changes  that  have  taken  place  since  presentation  of  Report  on  Evalua- 
tion of  Engineering  Education  in  1954-55;  report  is  based  on  publications,  and  data 
received  from  more  than  50  percent  of  engineering  colleges;  tables  show  growth  and 
strength  of  faculties,  curricular  changes  in  science,  humanities,  engineering  courses  and 
new  curricula  in  engineering;  quotations  on  undergraduate  curricular  changes  from  letters 
from  deans. 

University  Computing  Courses,  B.  Gilchrist.  Journal  of  Engineering  Education,  v. 
lo,  No.  5,  January  1959,  p.  542-6. 

Educational  value  "I  introducing  formal  course  in  programming  and  coding  is 
pointed  out  and  integration  of  ((imputing  courses  into  mathematics  curriculum  proposed; 
example  of  Syracuse  University's  two  programming  courses:  "Programming  and  Coding 
lOr  Digital  Computers",  1  semester,  3 -credit  course,  and  "Seminar  on  Digital  Computers", 
devoted  to  student  reading  and  topics  such  as  automatic  programming  and  relationships 
between  system  design  and  type  of  problems  to  be  solved. 

Technical  Institute  in  America,  G.  R.  Henninger.  McGraii)  Hill  Hook  Co.,  New 
York.   1959,  276  p. 

Report    presents   findings  of   national   survey   made  in    1957-195S  conducted   by    Tech 

nil al  institute  Division  of  American  Society  <>i  Engineering  Education  relating  to  present 
status  and   potential  oi   technical  institute  education  in  America;   compilation  of  t .t«  t - 

and    opinions   about    educational    and    employment    practices   relating    to   engineering   tech 

nician  indicates  potential  of  technical  institute  idea  in  education  l>\  depicting  accumulated 

experiences  and   present    trends. 
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Chairman  Hay:  Thank  you,  Professor  Woods.  You  have  given  us  an  interesting  and 
challenging  presentation  of  the  dynamics  at  work  today  in  engineering  education. 

Mr.  President,  this  concludes  Committee  24's  presentation. 

President  Brown:  Thank  you,  Professor  Hay;  and  thank  you  very  much,  Pro- 
fessor Woods.  Your  committee,  with  its  professorial  members  representing  some  10  engi- 
neering schools,  forms  an  invaluable  means  of  contact  between  the  railroads  and  the 
engineering  colleges,  and  we  are  deeply  indebted  to  the  faculty  members  on  your  com- 
mittee for  their  interest  and  cooperation. 

The  work  of  your  committee  is  stimulating  a  greater  appreciation  on  the  part  of 
railway  management  of  the  importance  of  bringing  into  railway  service  selected  grad- 
uates of  the  colleges  and  universities;  and  the  necessity  for  providing  adequate  means 
for  recruiting  such  graduates  and  retaining  them  in  the  service  is  also  a  valuable  con- 
tribution to  our  industry. 

Professor  Hay,  your  committee  is  now  excused  with  the  thanks  of  the  Association. 
[Applause] 

Discussion  on  Wood  Bridges  and  Trestles 

[For  report  see  Bulletin  562,  pp.  511-542.] 

[President  Brown  presiding] 

President  Brown:  Moving  along  with  our  program,  we  will  hear  next  from  our 
Committee  7 — Wood  Bridges  and  Trestles,  the  chairman  of  which  is  F.  E.  Schneider, 
assistant  engineer,  Atchison,  Topeka  &  Santa  Fe  Railway.  Again,  I  can  invite  to  the 
platform  only  the  chairman,  vice  chairman  and  subcommittee  chairmen,  but  I  will  be 
pleased  if  they  will  come  up  here  as  quickly  as  possible  and  present  their  report. 

No  aisle  microphones  have  been  provided  in  this  room,  having  been  deemed  unneces- 
sary; but  I  remind  you  that  you  have  the  privilege  of  the  floor,  and  we  would  welcome 
comments  and  questions  from  any  of  you  following  the  reports  of  any  of  the  subcom- 
mittees or  the  committee  as  a  whole. 

Mr.  Schneider,  you  may  proceed. 

Chairman  F.  E.  Schneider:  Mr.  President,  members  and  guests  of  the  AREA: 

The  report  of  Committee  7  will  consist  of  brief  reports  by  subcommittee  chairmen 
covering  work  accomplished  during  the  past  year.  These  reports  can  be  found  in  Bulletin 
562,  commencing  on  page  51 1. 

Following  the  presentation  of  the  reports  we  will  have  a  very  interesting  special 
feature  on  epoxy  resins.  The  committee  invites  your  comments  and  questions  at  the 
conclusion  of  each  presentation. 

Before  proceeding  with  the  presentation  of  our  reports,  Committee  7  wishes  to 
express  its  sorrow  at  the  death  of  one  of  its  members — J.  D.  Fraser,  district  engineer 
of  the  New  York  Central  Railroad,  who  passed  away  very  suddenly  due  to  a  heart 
attack  on  December  12,  1960. 

Mr.  Fraser  had  33  years  of  service  with  the  New  York  Central.  He  started  as  a  rod- 
man  in  September  1927  and  advanced  through  the  positions  of  junior  engineer;  assistant 
and  then  supervisor  of  bridges  and  buildings;  assistant  and  then  division  engineer,  to 
the  position  of  district  engineer,  which  position  he  held  at  the  time  of  his  death. 

He  leaves  behind  many  friends  and  associates  who  feel  deeply  the  loss  in  his  passing. 

Assignment  1 — Revision  of  Manual. 

Chairman  Schneider:  Our  first  report  is  on  Assignment  1,  and  will  be  presented 
by  Subcommittee  Chairman  D.  V.  Sartore,  assistant  engineer  of  bridges,  Burlington 
Railroad. 
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D.  V.  Sartore:  Mr.  President,  members  and  guests: 

In  accordance  with  the  secretary's  request  thai  all  Manual  material  be  reviewed 
prior  to  reprinting  of  the  Manual  in  1962,  your  subcommittee  has  continued  its  review 
of  Chapter  7  with  the  results  shown  on  pages  512  through  515  of  Bulletin  562. 

Your  subcommittee  felt  it  proper  to  divide  this  material  into  two  groups  for  pre- 
sentation to  the  Association.  The  first  group  consists  of  documents  to  be  reapproved  with 
revisions  or  reapproved  without  change.  The  second  group  consists  of  a  single  document 
which  was  rewritten. 

Most  of  the  revisions  in  the  first  group  are  editorial  in  nature,  or  are  simply  a  mat- 
ter of  bringing  specifications  referred  to  up  to  date.  Some  of  the  revisions  are  intended  to 
cover  the  use  of  diesel-powcred  pile  hammers  for  driving  piling  by  deleting  the  word 
"steam"  from  the  existing  text. 

Mr.  President,  I  move  that  the  recommended  action  for  the  following  documents, 
"Specifications  for  Glued  Laminated  Lumber",  "Specifications  for  Driving  Wood  Piles", 
"Pile  Record  Form",  and  "Methods  of  Fireproofing  Wood  Bridges  and  Trestles",  as 
shown  on  pages  512,  513  and  514  of  Bulletin  562,  be  adopted. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Sartore:  The  document  entitled,  "Use  of  Guard  Rails  and  Guard  Timbers  for 
Railway  Bridges",  has  been  rewritten  to  conform  to  the  standards  of  the  Association 
for  presenting  recommended  practice  in  the  Manual.  In  doing  this  some  editorial  changes 
have  been  made,  and  reference  to  the  use  of  guard  rails  in  tunnels  has  been  added. 

Mr.  President,  I  move  that  the  recommended  action  for  the  document,  "Use  of 
Guard  Rails  and  Guard  Timbers  for  Railway  Bridges",  as  shown  on  pages  514  and  515 
of  Bulletin  562,  be  adopted. 

[The  motion   was  duly  seconded,  was  put   to  a  vote,  and  carried.] 

Assignment  4 — Methods  of  Fireproofing  Wood  Bridges  and  Trestles, 
Including  Fire-Retardant  Paints,  Collaborating  with  Committees  6  and  17 
and  with  the  Fire  Protection  and  Insurance  Section,  AAR. 

Chairman'  Schneider:  The  report  on  Assignment  4  will  be  presented  by  Subcom- 
mittee  Chairman   B.   E.   Daniels,  division   engineer,  Milwaukee   Road. 

B.  E.  Daniels:  Mr.  Chairman,  members  and  guests:  The  report  of  your  committee 
on  this  assignment  is  divided  into  three  parts:  (1)  A  progress  report  presented  as  infor- 
mation on  the  work  undertaken  at  the  AAR  Laboratory  within  the  past  few  months 
with  fire-retardant  materials,  (2)  a  progress  report  presenting  the  results  of  a  question- 
naire submitted  to  representative  railroads  concerning  any  study  or  use  made  of  fire 
retardants  on  their  particular  properties,  and  (3)  a  specification  for  the  selection  of  fire- 
retardant  coatings  for  use  on  creosoted  woods.  This  specification  is  offered  as  recom- 
mended practice  but  is  published  as  information  now  with  the  thought  that  it  might 
stimulate  comment  or  criticism   before  being  recommended  as  Manual  material. 

Abstracts  of  the  first  and  second  parts  and  the  specification  mentioned  as  the  third 
part  are  published  in  the  Association's  January   1961    Bulletin  562,  page  SIS  to  pagl 
incl.  The  complete  reports  of  the  first  and  second  parts  maj  be  obtained  from  the   \\\< 

Work  in  the  future  on  this  assignment  will,  for  this  year  at  least,  be  prett)  much 
curtailed  due  to  a  limited  budget.  No  appropriation  is  included  for  this  yeai 

Thi-  outlines  the  committee's  work  on  Assignment  4  to  date. 
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Assignment  6 — Applications  of  Synthetic  Resins  and  Adhesives  to  Wood 
Bridges   and   Trestles,   Collaborating   with   Committees   15  and  29. 

Chairman  Schneider:  The  title  of  this  assignment  is  a  little  misleading,  as  we 
have  been  given  the  task  to  report  on  the  technology,  application  and  formulations 
required  not  only  for  our  committee  but  also  for  Committees  8,  IS,  16  and  29.  This 
report  will  be  presented  by  Subcommittee  Chairman  L.  R.  Kubacki,  area  engineer — 
structures,  Pennsylvania  Railroad. 

L.  R.  Kubacki:  The  preliminary  report  on  this  assignment  is  published  in  Bulletin 
562,  pages  526-537. 

As  a  result  of  further  work  the  list  of  applications  shown  in  Part  2  of  the  report 
has  been  extended  to  include  two  additional  applications  for  Committee  8,  six  for  Com- 
mittee 15  and  five  for  Committee  29.  A  detailed  description  of  all  of  the  applications  to 
establish  the  requirements  for  successful  performance  of  epoxy  resins  will  be  forwarded 
to  the  seven  known  resin  manufacturers  for  obtaining  suggested  formulations. 

The  investigation  into  the  physical  properties  of  epoxy  resins,  such  as  strength, 
creep  under  long-time  static  load,  peel  strength,  weathering  and  effects  of  temperature, 
impact,  repeated  loads,  etc.,  is  continuing.  The  accumulation  of  specifications  established 
by  ASTM,  U.  S.  Corps  of  Engineers  and  various  industries  is  continuing. 

In  conjunction  with  other  laboratory  tests,  epoxy  resins  have  been  used  for  bond- 
ing anchors  in  concrete  ties,  fastening  steel  tie  plates  to  creosoted  timber  ties  and  con- 
crete ties  and  fastening  joint  bars  to  rail.  In  collaboration  with  one  resin  manufacturer, 
AREA  waterproofing  acceptance  tests  will  be  conducted  using  epoxy  resins  for  water- 
proofing concrete.  Along  with  the  development  of  this  assignment  at  least  two  railroads 
have  found  satisfactory  uses  for  formulations  mentioned  in  the  preliminary  report. 

This  concludes  the  first  phase  of  the  report,  which  is  submitted  as  information. 

Assignment  7 — Repeated  Loading  of  Timber  Structures. 

Chairman  Schneider:  The  report  on  Assignment  7  will  be  presented  by  Subcom- 
mittee Chairman  C.  V.  Lund,  assistant  to  chief  engineer,  Milwaukee  Road. 

C.  V.  Lund:  Bulletin  562  contains  two  reports  on  progress  made  under  this  assign- 
ment. 

The  results  of  initial  tests  completed  by  the  AAR  research  staff  on  the  residual 
strength  of  old  timber  stringers  are  reported,  covering  tests  conducted  on  treated  pine 
stringers  removed  from  service  on  the  main  line  of  the  Santa  Fe  in  Colorado  after  50 
years  of  service.  These  stringers  were  deeply  checked,  and  failures  from  repeated  loading 
occurred  in  horizontal  shear  along  checks. 

All  stringers  tested  were  found  to  have  ample  remaining  strength  to  be  retained  in 
the  service  that  prevailed  at  the  time  of  removal.  The  stresses  measured  in  service  were, 
however,  considerably  less  than  used  in  design,  and  when  test  loads  were  increased  to 
design  values,  in  continuation  of  repeated  loading,  it  was  found  the  specimens  could  not 
sustain  the  heavier  loading  for  very  long.  Laboratory  tests  showed  no  evidence  of  decay 
in  these  stringers,  even  though  they  had  been  in  service  for  a  half-century. 

Exploratory  tests  conducted  by  the  AAR  research  staff  on  the  strength  of  fir  string- 
ers in  bearing  perpendicular  to  grain  are  reported,  covering  tests  simulating  the  end 
bearing  of  stringers  on  caps.  These  tests  were  planned  to  show  the  effect  of  the  orien- 
tation of  the  annular  growth  rings  of  the  timbers  with  respect  to  the  bearing  surface. 

No  conclusions  can  be  supported  by  the  few  tests  reported;  however,  indications 
are  that  under  wet  conditions  fir  timber  sawed  to  place  the  growth  rings  at  45-deg  to 
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the  bearing  surface  does  not   afford   satisfactory   strength   without   objectionable  crush 
ing,  l>ut  that  satisfactory  strength  is  obtainable  with  growth  rings  oriented  at  91 

No  tests  were  conducted  on  timber  sawed  to  provide  a  Bat-grain  bearing  condition. 

Assignment  10 — Rules  for  Rating  Existing   Wood  Bridges  and  Trestles. 

Chairman  Schneider:   \V.    \.  Genereux,  assistant  engineer,  Canadian  Pacific  Kail 
road,  is  chairman  of  this  subcommittee,  but  since  he  could  not  be  with  us  today  he  has 
asked  me  to  present  the  report. 

The  report,  appearing  in  Bulletin  562  on  pages  539  through  542.  consists  of  tentative 
rules  for  rating  existing  wood  bridges  and  trestles. 

The  subcommittee  presents  this  report  as  information,  and  requests  your  comments 
and  criticisms  thereon,  as  it  intends  to  present  these  rules  for  adoption  and  publication 
in  the  Manual  as  part  of  Chapter  7  next  year.  Are  there  any  questions  on  this  report  ? 
If  not,  Mr.  President,  this  concludes  our  subcommittee  reports. 

Introduction  of  Special  Feature 

Chairman  Schneider:  Our  special  feature  is  going  to  be  on  a  new  miracle  sub- 
stance which  many  think  is  a  cure-all  for  our  present-day  problems.  This  comparatively 
new  substance  is  epoxy  resin. 

The  title  of  the  paper,  to  be  presented  by  Dr.  W.  J.  Belanger,  is  "Epoxy  Resins — A 
New  Tool  for  the  Railroad  Industry." 

Mr.  Belanger  was  born  in  Chicago  and  received  his  elementary  and  high  school 
education  here.  He  received  his  Bachelor  of  Science  degree  in  Chemistry  from  St.  Louis 
University  in  1948,  and  his  Doctor's  degree  in  Organic  Chemistry  from  the  University 
of  Notre  Dame  in  1951.  His  present  position  is  technical  director,  Resin  Development, 
for  the  Jones-Dabney  Company.  We  are  fortunate  to  have  an  expert  in  this  field  with 
us  this  morning,  to  tell  us  more  about  the  epoxys,  their  properties,  application  and  uses. 
Dr.  Belanger. 

Epoxy  Resins — A  New  Tool  for  the  Railroad  Industry 
By  Dr.   W.  J.   Belanger 

Director   Resin   Development 

Jones-Dabney   Company,    Division   of   Devoe   & 

Reynolds  Company,   Inc. 

As  a  result  of  an  outstanding  combination  of  properties  and  winking  characteristics, 
epoxy  resins  are  probablj   the  most  versatile  class  of  resins  currently  available  tor  coal 
ingS   and  plastic^   end    uses;    and   although   the   use   of   this  class  of   resins  in   the   railroad 

industry  is  still  in  its  infancy,  the  large  Dumber  of  potential  applications   for  epoxy 

resins  in  the  railroad  industry  would  appear  to  insure  their  future  growth  within  this 
field.  With  this  in  mind  it  is  then  the  purpose  of  this  paper  to  introduce  the  subject 
Of  epoXJ  resins  and  the  technology  associated  with  these  resins,  to  review  some  of  the 
work  that  has  already  been  done  by  the  railroad  industry  with  epoxy  resins,  and  to 
surest  some  potential  uses  for  epoxy  resins  in  the  railroad  industry. 

In   genera]   there  are  two  classes  of  epOXJ    resins  available  on   the  market    todaj     One 

of  these  is  the  polyhydric  phenol-epichlorohydrin  ill-  ..I  which  the  bisphenol  epichloro 

hydrin  type  is  bj  tar  tin  more  common.  The  other  i  las-  M|  epox)  resins  j-  the  peracetii 
acid  type.  The  bisphcnol-epichlorohydrin  resins  are  available  in  a  range  of  molecular 
weights  or  melting  points  which  vary  from  low  viscosity  liquids  to  high  melting  solids. 


852 Wood    Bridges    and    Trestles 

For  the  most  part  the  solid  resins  are  used  in  solution  in  various  coating  applications 
and  the  liquid  resins  are  used  without  solvent  in  various  structural  applications,  or  in 
applications  where  a  thick  coating  is  required  and  a  solvent  cannot  be  tolerated  because 
of  the  excessive  shrinkage  which  a  solvent  would  cause.  The  bisphenol-epichlorohydrin 
class  of  resins  can  be  cured  at  either  room  temperature  or  at  an  elevated  temperature, 
depending  on  the  curing  agent  selected.  The  peracetic  acid  epoxy  resins,  on  the  other 
hand,  will  only  cure  at  elevated  temperatures,  and  since  most  of  the  anticipated  uses 
of  epoxy  resins  in  the  railroad  industry  involve  room-temperature  curing  compositions, 
this  paper  will  be  limited  to  the  bisphenol-epichlorohydrin  resins  and  in  particular  to  the 
low-viscosity  resins  within  this  class  that  can  be  used  in  either  coating  or  structural 
applications. 

To  the  organic  chemist  the  terms,  epoxy  or  epoxide  group,  refer  to  a  particular 
chemical  configuration  in  which  two  carbon  atoms  and  one  oxygen  atom  are  arranged 
in  the  form  of  a  three  membered  ring. 

0 

/\ 

C  — C 


Epoxide  Group 

By  comparison  with  most  organic  chemical  structures  the  epoxide  group  is  highly 
reactive  and  will  undergo  reaction  with  a  variety  of  compositions  to  form  stable  addi- 
tion compounds.  In  general  epoxy  resins  contain  two  or  more  epoxy  groups  per  mole- 
cule. A  typical  example  of  a  molecule  containing  two  epoxide  groups  is  the  diglycidyl 
ether  of  bisphenol  which  in  various  commercial  forms  is  the  most  widely  used  epoxide 
resin  in  solvent-free  applications. 
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Diglycidyl  Ether  of  Bisphenol 

When  an  epoxide  resin  is  mixed  with  materials  containing  two  or  more  groups 
that  will  react  with  the  epoxide  groups,  a  chemical  reaction  ensues  and  the  molecular 
size  of  the  product  increases  to  the  point  where  the  product  is  no  longer  soluble  in 
solvents  and  will  not  melt  when  heated.  This  process  of  forming  extremely  high  or  in- 
finite molecular  weight  compositions  that  are  both  insoluble  and  infusible  is  normally 
referred  to  as  curing  or  cross-linking.  The  material  that  is  reacted  with  the  resin  and 
causes  it  to  cure  is  termed  the  curing  agent.  Resins  such  as  the  epoxies  which  will 
undergo  curing  are  classified  as  thermosetting  resins. 

The  properties  of  the  cured  resin  will  depend  primarily  on  the  selection  of  resin 
and  curing  agent,  the  ratio  in  which  they  are  mixed,  and  the  curing  temperature.  In 
Table  1  are  listed  a  typical  list  of  liquid  epoxide  resins  exhibiting  a  range  of  viscosities 
and  in  Table  2  are  listed  a  representative  few  of  the  many  curing  agents  available  on 
the  market. 
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Table  1 — Typical  Properties  of  Epoxy  Resins 
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Table  2 — Typical  Properties  of  Curing  Agents 


Epi-Cure  87 

Epi-Curi  86  i 

Epi-Cure  S41 
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38 
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ture curing  agent 
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11 
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Moderately  reactive, 
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temperature  curing 

agent 

1  Kid 

Black 

43 

Elevated  temperature 

curing  agent 

The  ratio  in  which  the  epoxide  resin  and  curing  agent  are  mixed  is  dependent  on 
the  epoxide  equivalent  weight  of  the  resin  and  the  equivalent  weight  of  the  curing  agent. 
Both  of  these  values  are  indicative  of  the  concentration  of  reactive  groups  present  in 
each  of  these  materials.  The  ratio  in  which  the  resin  and  curing  agent  are  mixed  is 
readily  calculated  from  their  respective  equivalent  weights,  since  one  epoxide  equivalent 
of  resin  will  react  with  one  equivalent  of  curing  agent.  For  example,  190  parts  of  Epi- 
Rez  510  will  combine  with  90  parts  of  Epi-Cure  855.  For  convenience  the  combining 
ratio  of  resin  and  curing  agent  are  normally  expressed  in  parts  per  hundred  parts  of 
resin  (phr)  ;  on  this  basis  47.5  phr  of  Epi-Cure  855  is  the  calcuated  concentration  of 
Epi-Cure  855  for  curing  Epi-Rez  510.  Except  in  certain  critical  applications  slight  varia- 
tions in  the  resin/curing  agent  ratio  do  not  have  any  adverse  effect  on  the  properties 
of  the  cured  resin,  and  for  this  reason  50  phr  of  Epi-Cure  855  is  the  concentration  of 
this  curing  agent  that  is  most  commonly  employed  with  Epi-Rez  510.  Excessive  concen- 
trations of  curing  agent  on  the  order  of  50-100  percent  more  than  the  calculated  value 
have  somewhat  of  a  plasticizing  effect  on  the  properties  of  the  cured  resin,  and  this 
method  is  sometimes  used  to  impart  increased  flexibility  to  the  cured  resin.  Care  should 
be  exercised,  however,  whenever  using  excessive  concentrations  of  curing  agents,  for 
under  these  conditions  the  degree  of  cure  is  lowered  and  some  of  the  thermosetting 
properties  arc  normally  sacrificed.  The  use  of  an  appreciable  deficiency  of  curing  agent 
will  result  in  an  insufficient  degree  of  cure,  and  normally  a  brittle  products  results. 

Epoxy  resin  curing  agents  arc  divided  into  two  classes:  (1)  room-temperature  cui 
ing  and  (2)  elevated-temperature  curing.  Elevated-temperature  curing  agents  are  gen 
erally  employed  in  applications  where  the  cured  resin  must  exhibit  good  Stability  after 
prolonged  exposure  at  elevated  temperatures.  Although  room  temperature  curing  agents 
will  cure  at  temperatures  above  60  F  within  a  reasonable  length  of  time,  it  is  often 
desirable  to  enhance  the  rate  of  cure  by  the  application  of  heat.  Fur  example,  a  system 
that  will  reach  its  ultimate  strength  properties  when  cured  for  two  or  four  days  it  room 
temperature  will  cure  to  the  same  degree  in  approximately  20  minutes  at  200  F.  The 
rate    at    which    a    room    temperature    curing   agent    cures    at    room    temperature    can    be 
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varied  over  a  fairly  wide  range,  depending  on  the  curing  agent  selected.  The  principal 
disadvantage  of  the  faster  curing  agents  is  that  in  large  volumes,  such  as  1-  or  S-gal 
quantities,  the  resin  and  curing  agent  mixture  is  much  more  reactive  than  in  thin  sec- 
tions due  to  the  slow  dissipation  of  the  heat  evolved  from  the  reaction,  and  the  mixture 
will  undergo  gelation  in  10  to  30  min  after  mixing.  This  short  pot  life  of  the  faster 
curing  agents  presents  somewhat  of  a  handling  disadvantage,  and  for  this  reason  curing 
agents  having  an  intermediate  order  of  reactivity  are  often  selected  when  the  handling 
of  large  volumes  is  necessary.  In  many  cases  the  faster  curing  agents  can  be  handled 
readily  in  continuous  mixing  equipment  that  is  especially  designed  for  this  purpose. 

The  properties  of  the  cured  epoxide  resin  can  be  varied  from  rigid  to  flexible.  In 
Table  3  are  listed  the  properties  of  some  typical  epoxy  resin  formulations  exhibiting 
varying  degrees  of  flexibility. 

Table  3 — Typical  Properties  of  Room  Temperature  Cured  Epoxide  Resins 


Epi-Rez  510 100 

Epi-Rez  504 

Epi-Cure  87 20 

Epi-Cure855 

Viscosity  (cps) 10 . 000 

I'ltimate  Tensile  (psi) 10.000 

%  Elongation 4.0 

Initial  Modulus  (psi) 0.0x10" 

I'ltimate  Flexure  (psi) 18,500 

Compressive  Yield  (psi) 14, 500 

Izod  Impact  (ft  lb/in  notch ) 0.40 

Heat  Distortion  Temp.  (°F) 140 

%  Water  Absorption 0.10 

Shore  Hardness D89 
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For  most  applications  inert  fillers  such  as  silica,  calcium  carbonate,  alumina,  asbestos, 
aluminum  and  many  others  are  used  in  conjunction  with  the  resin  and  curing  agent.  In 
addition  to  lowering  the  cost  of  the  formulations,  fillers  can  also  be  judiciously  selected 
to  obtain  one  or  more  of  the  following  effects  in  an  epoxy  resin  system:  (1)  extend 
pot  life,  (2)  reduce  exotherm,  (3)  decrease  shrinkage  during  cure,  (4)  lower  the  co- 
efficient of  thermal  expansion,  (5)  improve  adhesion,  (6)  regulate  thixotropy,  and  (7) 
increase  thermal  conductivity.  In  Table  4  the  properties  of  two  filled  epoxide  resin  for- 
mulations are  compared  with  the  properties  of  some  of  the  more  common  structural 
materials. 

Table  4 — A  Comparison  of  A  Filled  Epoxy  Resin  with  Other  Structural  Materials 


Filled 
Epoxy 
Resin* 

Quality 
Concrete 

Tunc  l 

Rein  forc- 
ing Steel 

Donald* 
Fir 

Alumi- 

n  it  m 

5 .  800 

8,700 

1 2 ,  (iOO 

0.6xl08 

3  no 
600 

1  .  500 
4.5x10" 

10,000 
40.000 

1  ,  200 

45.000 

Ultimate  Flexure  (psi) 

Ultimate  Compression  (psi) 

Compressive  Modulus  (psi) 

45,000 

880 

*  Epi-Rez  510 — 100  parts;  Epi-Cure  855 — 50  parts;  crystal  silica  sand — 400  parts:  asbestine  3X- 
85  parts. 


It  will  be  noted  from  the  data  in  Table  4  that  the  cured  epoxy  resins  retain  their 
high  order  of  strength  properties  even  when  compounded  with  appreciable  concentrations 
of  fillers. 
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Some  of  the  other  more  outstanding  properties  of  cured  epoxide  resins  when  com- 
pared to  other  classes  of  resins  are  as  follows: 

1.  Adhesion — The  adhesion  of  epoxy  resins  to  practically  all  substrates  is  excellent, 
and  as  a  result  epoxy  formulations  are  commonly  used  to  bond  to  concrete,  wood,  metals 
such  as  steel,  aluminum,  and  copper,  and  a  variety  of  other  materials.  Of  particular 
interest  from  an  adhesive  standpoint  is  in  connection  with  the  bonding  of  old  concrete 
to  old  concrete  or  new  concrete  to  old  concrete.  When  a  structure  formed  in  this  man- 
ner is  broken,  the  break  always  occurs  in  the  concrete  and  never  at  the  resin-concrete 
interface,  indicating  that  the  epoxy-to-concrete  bond  has  better  strength  properties  than 
the  concrete  itself.  Some  typical  shear  strength  properties  of  various  substances  bonded 
together  with  epoxy  resins  are  listed  in  Table  5. 

Table  5 — Shear  Strength  Properties  of  Various  Substrates  Bonded  Together 
with  An  Epoxy  Adhesive 


Bond 

Sh,  iir  Sir,  nt/tli   [psi) 

!'.■)( )() 

800 

Steel  to  Steel             

"T.'i'.i 

Crt'osnU'd  Who  1  to  Cn'osoted  Wood         ... 

Creosoted  Wood  to  Steel...  

2.  Low  Shrinkage — In  comparison  with  other  resins  such  as  polyesters  the  shrinkage 
which  occurs  during  the  curing  of  an  epoxy  is  quite  low,  and  by  the  incorporation  of 
fillers  into  the  resin  it  is  possible  to  reduce  the  shrinkage  even  further.  This  property  of 
low  shrinkage  is  extremely  important  in  many  applications  where  epoxy  resins  are  used, 
for  whenever  excessive  shrinkage  occurs  there  is  a  tendency  for  the  resin  either  to  crack 
or  to  pull  away  from  the  substrate.  The  fact  that  solvents  are  not  necessary  when  using 
liquid  epoxide  resins  is  also  important  in  reducing  the  shrinkage  during  cure. 

3.  Excellent  Combination  of  Strength  and  Toughness — These  properties  of  the  epoxy 
resins  are  summarized  in  Tables  3  and  4.  In  analyzing  these  data  it  should  also  be  noted 
that  the  ultimate  strength  properties  of  epoxy  resins  are  higher  than  other  classes  of 
thermoset  resins  such  as  polyesters  or  phenolics. 

4.  Low  Coefficient  of  Linear  Thermal  Expansion — The  coefficient  of  linear  thermal 
expansion  of  most  unfilled  epoxy  resins  is  in  the  vicinity  of  70  to  80  x  10""  in/in/°C, 
ami  by  the  incorporation  of  high  concentrations  of  fillers  such  as  silica  or  alumina  which 
have  very  low  coefficients  "I  expansion  it  is  possible  to  reduce  this  value  to  20  to  30  x 
10 *  in/in/°C.  Since  most  of  the  substrates  such  as  concrete  and  various  metals  which 
are  bonded  with  epoxy  resins  have  low  coefficients  of  thermal  expansion  (concrete  = 
10-15  x  10"  in/  in/°C,  aluminum  =  22  x  10^  in/in/°C),  it  is  often  desirable  to  formu 
late  the  epoxy  resin  system  with  a  low  coefficient  of  expansion  when  bonding  these  sub 
strates  in  order  to  prevent    failures  resulting  from   large  temperature  variations 

5.  Weather  ability    The  exterior  durability  of  cured  epoxide  resins  is  definitely  out 

Standing   when   compared    with   other  classes  of   resins,  and   although    their   gloss   retention 

and  tendency  t<>  yellow  are  quite  apparenl  under  these  exposure  conditions,  their  reten- 
tion of  physical  properties  and  resistance  to  deterioration  are  excellent, 

6.  Resistance  /,-  Solventi  and  Chemicals     Epoxy  resins  are  particular!)    noted  for 
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their  resistance  to  attack  by  most  of  the  common  solvents  and  chemicals.  In  general  the 
more  rigid  resins  exhibit   better  resistance  properties  than  the  flexible  resins. 

7 .  Electrical  Properties — Epoxy  resins  are  excellent  electrical  insulators  and  retain 
this  high  order  of  electrical  properties  over  a  wide  temperature  range. 

8.  Ease  of  Formulation — The  fact  that  it  is  possible  to  prepare  a  cured  resin  pos- 
sessing an  outstanding  combination  of  physical,  electrical  and  resistance  properties  merely 
by  mixing  two  liquids  together  is  probably  one  of  the  most  important  reasons  for  both 
the  present  and  projected  growth  of  epoxy  resins.  In  most  cases  fillers  can  be  incor- 
porated into  the  formulation  by  stirring  with  no  grinding  operation  necessary.  The  use 
of  various  liquid  extenders  and  modifiers  is  also  common  practice  in  epoxy  resin  for- 
mulation in  order  to  affect  such  factors  as  reactivity,  viscosity,  flexibility,  and  cost.  The 
formulated  epoxy  resin  can  then  be  applied  in  a  number  of  ways  such  as  spraying, 
casting,  brushing,  rolling,  troweling,  etc.  For  applications  where  automation  is  indicated 
a  variety  of  automatic  dispensing  equipment  is  available. 

In  view  of  the  many  property  and  handling  advantages  offered  by  epoxy  resins, 
they  are  currently  finding  acceptance  in  several  fields  of  application.  Some  of  these  are 
as  follows:  (1)  Adhesives — primarily  for  bonding  metal  to  metal,  wood  to  wood,  and 
concrete  to  concrete,  (2)  Castings — for  various  production  tools  such  as  metal  forming 
dies  and  molds  where  good  dimensional  stability  is  required;  (3)  Concrete  applications — 
such  as  repairing  and  resurfacing  roads  and  runways,  bonding  old  concrete  to  old  con- 
crete and  new  concrete  to  old  concrete,  and  anti-skid  surfacing;  (4)  Electrical  pot  tings 
and  encapsulations;  (5)  Laminates  reinforced  with  glass,  paper,  or  asbestos  for  both 
structural  and  electrical  applications;  (6)  Reinforced  pipe  for  applications  where  a  high 
order  of  strength  and  resistance  properties  are  required;  (7)  Gel  coats  such  as  those  used 
in  the  production  of  glass  reinforced  boats  or  in  certain  tooling  applications;  (8)  Wire 
enamels;  and  (9)  Surface  coatings  for  (a)  maintenance  applications  where  a  high  order 
of  resistance,  adhesion  and  abrasion  resistance  is  required  such  as  in  tank  coatings  and 
floor  paints,  and  (b)  miscellaneous  industrial  applications  such  as  pipe  coatings,  hopper 
car  coatings,  and  marine  coatings.  As  pointed  out  previously  the  higher  molecular 
weight  epoxy  resins  in  solution  are  generally  used  for  most  surface  coating  applications 
involving  thin  coatings. 

During  the  past  year  two  noteworthy  projects  employing  epoxy  resins  in  new  appli- 
cations were  undertaken  by  the  railroad  industry.  The  first  project  was  undertaken  in 
conjunction  with  the  Burlington  Railroad  and  was  concerned  with  the  replacement  of  a 
damaged  wooden  bridge  with  four  30-ft  prestressed  concrete  beam  slabs  which  were 
bonded  together  with  an  epoxy  grouting  compound.  Approximately  30  min  prior  to  posi- 
tioning the  beams  on  the  bridge  abutments  the  inner  faces  of  the  beams'  key  way 
cavities  were  brush  coated  with  the  liquid  portion  of  the  epoxy  grouting  composition 
that  was  to  be  used  later.  The  purpose  of  this  brush  coat  was  to  insure  good  wetting 
of  the  concrete.  In  order  to  seal  the  bottom  of  the  key-way  cavities  a  strip  of  1-in 
sponge  rubber,  with  a  contact  adhesive  surface,  was  applied  to  the  faces  of  three  con- 
crete beams.  After  the  beams  were  positioned  on  the  abutments,  the  ends  of  the  key- 
way  openings  were  closed  with  a  heavy  epoxy  paste  formulation  and  the  epoxy  grouting 
compound  was  poured  into  the  key  way.  The  composition  of  the  epoxy  grouting  for- 
mulation which  was  mixed  at  the  site  of  application  was  Epi-Rez  510-100  parts;  Epi- 
Cure  855 — 50  parts;  crystal  silica  sand — 600  parts.  In  order  to  accelerate  the  cure  of 
the  epoxy  grouting  formulation  each  of  the  key  ways  was  provided  with  a  40-ft,  Y§  in 
diameter  copper  tube  which  was  positioned  in  the  center  of  each  key  way  and  con- 
nected  to   a   common   steam   manifold  on   one  side.  On   the  other  side   the   tubes  were 
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allowed  to  extend  3  ft  beyond  the  slab,  and  this  end  was  [efl  open  in  order  to  allow 
an  exit  for  the  steam.  By  this  method  a  temperature  of  300  F  was  maintained  in  the 
tubes  for  35  min  after  the  epoxy  grouting  was  poured  into  the  key  ways.  This  raised 
the  temperature  of  the  composition  to  240  F  on  the  exposed  surfaces.  Following  the 
gelation  of  the  epoxy  grout,  hot  tar  was  poured  on  the  bridge  surface.  Three  layers  oi 
heavy  tar  paper  were  then  applied,  and  this  was  followed  by  the  placing  of  a  1  -in  thick 
slab  of  a  tar-fiber  composition  on  the  surface.  The  tar  compositions  are  conventional 
materials  which  are  used  as  a  sealant  and  cushion  between  the  concrete  slabs  and  the 
rock  roadbed.  The  wooden  ties  were  then  placed  under  the  rails  and  spiked  into  position, 
completing  the  bridge. 

The  quantity  of  epoxy  grouting  compound  required  to  till  the  key  way  slots  was 
72  gal.  In  order  to  complete  this  construction  it  was  necessary  to  close  the  bridge  for 
6  hr. 

The  second  project  involving  the  use  of  epoxy  resins  in  a  railroad  application  was 
undertaken  by  the  Rock  Island  Railroad.  This  project  was  also  concerned  with  the 
installation  of  a  prestressed  concrete  bridge  similar  to  the  one  installed  by  the  Burling- 
ton Railroad.  In  this  application,  however,  the  beams  were  joined  together  in  the  station 
yard  which  was  approximately  300  yd  from  the  bridge  site,  and  the  heating  to  accelerate 
the  curing  of  the  epoxy  grout  was  accomplished  with  General  Electric  bulk  heating 
cables.  After  curing  for  two  days,  the  beams  were  moved  to  the  bridge  site  by  two 
cranes.  The  old  bridge  was  then  removed  and  replaced  with  the  new  bridge.  Also,  in  the 
Rock  Island  Railroad  project  two  coats  of  a  clear,  low  viscosity  epoxy  resin  composi- 
tion were  applied  to  the  beams  prior  to  joining  them  together  in  an  attempt  to  water- 
proof the  concrete. 

It  was  the  conclusion  of  the  personnel  involved  that  by  pie-assembling  the  bridge 
in  an  area  close  to  the  bridge  site  and  allowing  sufficient  time  for  the  resin  to  cure, 
it  should  be  possible  to  shorten  the  time  in  a  project  of  this  type  by  3  to  4  hr.  The 
effectiveness  of  the  concrete  waterproofing  operation  is  still  inconclusive  and  will  require 
observation  before  drawing  any  definite  conclusions. 

The  use  of  epoxy  resins  in  the  building  of  railroads  bridges  appears  to  be  only 
one  of  many  possible  areas  of  interest  for  this  versatile  class  of  resins  in  the  railroad 
industry.  Recently  in  conjunction  with  various  representatives  of  the  American  Rail- 
way Engineering  Association  several  epoxy  resin  compositions  were  suggested  to  various 
committees  of  the  AREA  for  consideration  in  connection  with  many  of  the  problems 
currently  confronting  the  railroad  industry.  Some  of  the  problems  for  which  epoxy  resins 
were  recommended  for  consideration  are  as  follows: 

1.  Bonding  Old  Concrete  to  New  Concrete — In  this  application  a  brush  mat  of  the 
epoxy  resin  is  applied  to  the  old  concrete  and  the  new  concrete  is  then  poured  either 
on  or  against  the  wet  epoxy  formulation. 

2.  Surfacing    Car-Washing    l'latiorms~\\    the    concrete    is    in    good    shape,    an    epoxj 

solution  coating  may  be  satisfactory,  If  the  concrete  is  pitted  or  spalled,  an  epoxj   Boor 

topping   formulation   should   lie  considered,    If  a   non-skid   surface   is  desired,  a   clear  coat- 
ing of  a  solvent  free  epoxy  resin  is  applied  first  and  sand  or  some  other  abrasive  type 

material    can    be    sprinkled    on    the    Surface    of    the    wet    resin      \ltcr    the    resin    cures,    the 

excess  abrasive  is  removed,  yielding  a  non  skid  surface, 
1,  Splicing  Concrete  Piles. 

I.  fruit,  ti, m  Against  Corrosion  In  most  cases  ;m  epoxj  solution  coating  should 
be  acceptable   for  this  type  of  application. 
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5.  Bonding  a  Composite  Section  of  Concrete  and  Steel. 

6.  Fastening  Masonry  Plates  to  Concrete. 

7.  Waterproofing  of  Concrete. 

In  some  preliminary  laboratory  experiments  on  this  problem  attempts  were  made 
to  waterproof  a  series  of  high-density  concrete  cubes  under  different  conditions  using 
an  unfilled,  low  viscosity  epoxy  resin  composition.  The  resin  was  allowed  to  cure  and  a 
24-hr  water  absorption  was  determined.  The  manner  in  which  each  of  the  cubes  were 
treated  and  the  corresponding  percent  water  absorption  values  are  summarized  in 
Table  6. 

Table  6 — Percent  Water  Absorption  of  Epoxy  Resin  Treated  Concrete  Cubes 


Method  of  Treatment 


'  ',    Watt  r  Absorption 

m  ur)* 


(1)  Vacuum  impregnation  for  30  min 

(2)  Brush  coating  (2  coats) 

(3)  Pressure  impregnated  in  autoclave  at  85-90  psL 

(4 )  None 


1.0 

0 .  50 

0 

4.0  to  5.0 


*  Each  of  the  water  absorption  values  are  an  average  of  four  determinations. 

The  results  of  the  data  in  Table  6  indicate  a  definite  lowering  of  the  water  absorp- 
tion by  the  epoxy  resin  pre-treatment. 

Additional  work  on  the  waterproofing  of  concrete  is  currently  underway  employing 
standard  AREA  procedures  for  the  determination. 

8.  Adhesive  for  Bonding  Concrete  Surfacing  to  Laminated  Timber  Girders. 

9.  Adhesive  for  Binding  Component  Parts  of  a  Trestle. 

In  conclusion  it  appears  that  the  excellent  adhesion  of  epoxy  resins  to  the  construc- 
tion materials  used  by  the  railroads  and  their  excellent  combination  of  physical  and 
resistance  properties  should  qualify  them  for  many  applications  within  the  railroad 
industry.  Their  ultimate  acceptance,  however,  will  undoubtedly  depend  on  their  ability 
either  to  improve  present  construction  and  maintenance  operations  or  to  open  the  door 
to  new  types  of  construction  that  were  formerly  not  possible  due  to  the  property  limita- 
tions of  the  available  materials.  The  improvement  of  existing  operations  with  epoxy 
resins  appears  to  be  well  on  its  way  to  success  as  evidenced  by  the  successful  construc- 
tion of  two  bridges.  The  development  of  new  types  of  construction  with  epoxy  resins 
will  have  to  depend  largely  on  the  imagination  of  the  railroad  engineer.   [Applause] 


Chairman  Schneider:  Thank  you,  Dr.  Belanger.  This  interesting  presentation  may 
have  raised  a  few  questions  that  you  would  like  to  ask  Dr.  Belanger  about  epoxys. 
I  think  we  have  time  for  a  question  or  two. 

Prof.  W.  A.  Oliver  [University  of  Illinois]:  Dr.  Belanger  showed  a  slide  which 
compared  the  ultimate  values  of  certain  materials.  I  would  like  to  call  his  attention  to 
the  fact  that  the  ultimate  values  for  Douglas  fir  are  considerably  higher  than  those 
listed  on  the  slide. 

Dr.  Belanger:  If  that  is  true,  I  would  like  to  apologize.  We  did  our  best  in  trying 
to  get  average  values.  It  is  very  difficult  to  get  average  values  on  a  material  like  that, 
as  it  is  difficult  to  get  average  values  on  concrete;  in  fact,  many  different  people  I  have 
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talked  to  have  different  values  for  the  strength  of  concrete.  The  properties  <>t   the  epoxy 
resins,  however,  are  really  the  ones  I  have  been  talking  about. 

Chairman  SCHNEIDER:  Mr.  President,  this  concludes  our  report.  It  also  concludes 
my  term  as  chairman.  I  wish  to  thank  all  the  members  of  Committee  7  for  the  tine 
work  they  have  done,  and  for  the  support  they  have  given  me. 

I  am  sure  this  will  be  continued  under  the  new  chairman,  K.  L.  De  Blois,  assistant 
engineer  bridges,  New  York  Central  Railroad,  and  your  new  vice  chairman,  B.  E. 
Daniels,  division  engineer,  Milwaukee  Road. 

President  Brown:  Thank  you,  Mr.  Schneider  and  your  committee,  for  another 
group  of  informative  reports  on  several  important  matters.  We  are  glad  to  see  your 
committee,  like  our  other  committees,  giving  careful  attention  to  your  Manual  material, 
and  I  am  sure  Mr.  Sartore  is  doing  a  good  job  for  you  as  chairman  of  your  Subcom- 
mittee 1. 

Thank  you,  Mr.  Belanger,  for  your  enlightening  discussion  of  this  new  tool  for  the 
railroads — epoxy  resins.  All  of  us  are  anxious  to  become  fully  informed  regarding  this 
tool,  and  to  make  use  of  it  wherever  it  demonstrates  its  merit. 

Mr.  Schneider,  we  greatly  appreciate  your  service  to  the  Association  as  chairman 
of  Committee  7.  You  picked  up  the  ball  when  you  were  needed,  and  have  given  the 
committee  very  effective  leadership. 

As  you  step  down,  we  are  pleased  to  welcome  Mr.  DeBlois  as  the  new  chairman 
of  this  Committee  and  Mr.  Daniels  as  the  new  vice  chairman.  In  their  hands  we  feel 
confident  the  work  of  Committee  7  will  continue  to  move  forward. 

Mr.  DeBlois,  as  a  symbol  of  your  new  office,  and  to  assist  you  in  conducting 
committee  meetings.  I  am  pleased  to  present  you  with  this  chairman's  gavel. 

Mr.  Schneider,  your  committee  is  now  excused,  with  the  thanks  of  the  Association. 
[Applause] 

Discussion  on  Masonry 
[For  report  see  Bulletin  561,  pp.  431-451.1 

[Presiflent   Brown  presiding.] 

President  Brown:  We  will  now  hear  from  our  Committee  8 — Masonry,  the  chair- 
man of  which  is  E.  A.  McLeod,  assistant  bridge  engineer,  New  York  Central  System,  at 
New  York.  Again,  for  reasons  which  I  explained  earlier  in  the  session,  I  can  invite 
to  the  speaker's  table  only  the  chairman,  vice  chairman  and  subcommittee  chairmen 
of  Committee  8.  Will  they  please  come  up  promptly.  Mr.  McLeod,  I  am  glad  to  turn 
the  meeting  over  to  you. 

Before  you  give  your  report.  Mr.  McLeod,  may  I  call  the  Association's  attention 

to  an  article  that  appears  in  the  Wall  Street  Journal  dated  today,  March  S.  This,  which 
is  on  "Railroad  Industry  Pushes  Research  to  Improve  Service  and  Cut  Costs."  is  \er\ 
interesting,  and  names  a  number  of  railroads.  I  commend  it  to  your  attention  when 
you  have  time — not  during  the  sessions,  of  course. 

Proceed.   Mr    McLeod. 

Chairman  E,  A    McLeod:   Mr    President,  members  of  the  Association  and  guests: 

Our  committee  has  recently  lost  one  of  it.  \  allied  members,  R.  K  Paulson,  nt  the 
Milwaukee  Railroad,  who  was  with  us  for  main  years  and  had  been  a  subcommittee 
chairman.  A  memoir  has  been  prepared,  and  we  request  that  it  be  published  with  this 
report. 
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MEMOIR 

&uaaell  Cbtoarb  Paulson 

Russell  Edward  Paulson  passed  away  suddenly  on  December  2,  1960.  He  is  sur- 
vived by  his  wife,  Hannah ;  a  daughter,  Mrs.  Alice  Hanrahan,  of  Des  Moines,  Iowa,  and 
a  son,  Kenneth,  of  Redondo  Beach,  Calif.  He  was  a  member  of  the  Presbyterian  Church. 

Mr.  Paulson  was  born  in  Chicago  on  April  25,  1897,  and  was  graduated  from  the 
Chicago  Technical  College  in  1920.  He  lived  in  Itasca,  111.  the  greater  part  of  his  life, 
and  served  two  terms  as  Mayor  of  that  town  . 

He  started  his  railroad  career  in  1916  as  rodman  for  the  Burlington  Railroad,  and 
entered  military  service  in  World  War  I  in  May  1917,  serving  about  a  year  overseas. 
Upon  his  return  from  the  service  he  completed  his  education  and  worked  for  several 
construction  and  engineering  firms  prior  to  joining  the  engineering  department  of  the 
Milwaukee  Railroad  in  1935.  He  successively  served  the  Milwaukee  Railroad  as  struc- 
tural designer,  chief  draftsman  and  assistant  engineer,  which  position  he  held  at  the  time 
of  his  death. 

He  was  elected  to  the  AREA  on  May  20,  1942,  and  served  on  Committee  8  from 
1949  until  his  death,  serving  as  a  subcommittee  chairman  for  several  years.  He  was 
also  a  member  of  the  Bridge  and  Building  Association,  the  American  Concrete  Institute, 
and  the  Chicago  Maintenance  of  Way  Club. 

Committee  8  will  miss  his  unstinting  work,  his  faithful  attendance  at  its  meetings, 
and  his  enthusiastic  cooperation  in  all  of  its  deliberations.  The  Committee  expresses  its 
sympathy  and  sorrow  in  his  death. 

W.  R.  Wilson 
E.  P.  Wright 
Committee  on  Memoir 

Assignment  2 — Design  of  Masonry  Structures,  Collaborating  with  Com- 
mittees 1,  5,  6,  7,  15,  28,  29  and  30. 

Chairman  McLeod:  Subcommittee  Chairman  J.  U.  Estes,  associate  bridge  engineer, 
Louisville  &  Nashville,  will  now  present  the  report  on  Assignment  2. 

J.  U.  Estes:   Mr.  President,  members  and  guests: 

Your  subcommittee  recommends  the  adoption  of  the  Specifications  for  Reinforced 
Concrete  Rigid-Frame  Bridges  of  One  Span,  as  published  on  pages  433  to  437  incl.,  of 
Bulletin  561. 

Mr.  President,  I  move  that  the  specifications  be  adopted,  and  substituted  for  the 
material  now  on  pages  8-8-1  to  8-8-9  incl.,  of  the  Manual. 

| The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  3 — Foundations  and  Earth  Pressures,  Collaborating  with 
Committees  1,  6,  7,  15  and  30. 

Chairman  McLeod:  G.  W.  Cooke,  Chairman  of  Subcommittee  3  is  unable  to  be 
here.  The  subcommittee  is  continuing  its  studies  on  embedment  of  transmission  poles, 
pile  foundations  and  scour  around  bridge  piers,  and  will  undertake  an  assignment  on 
sheet  pile  retaining  walls. 

The  Specifications  for  Design  of  Spread  Footing  Foundations  have  been  reviewed, 
and  we  recommend  their  reapproval. 

Mr.  President,  I  move  that  these  specifications,  appearing  on  Manual  pages  8-3-1 
to  8-3-16  incl.,  be  reapproved  without  change. 
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[The  motion  was  duly  seconded,  was  pul   to  a  vote,  and  carried. | 

Chairman  MrLi.no:  The  Specifications  for  Design  of  Retaining  Walls  and  Abut- 
ments have  been  reviewed,  and  we  recommend  their  reapproval  with  minor  changes 
as  published. 

Mr.  President,  I  move  that  these  specifications,  appearing  on  Manual  pages  8-5-1 
to  8-5-18,  incl..  be  reapproved  with  the  recommended  changes. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.) 

Chairman  McLeod:  The  specifications  for  crib  walls  of  concrete,  metal  and  timber 
have  been  rewritten  and  are  improved  generally  over  the  previous  specifications.  One 
error  has  been  found.  The  word  "concrete"',  the  last  word  in  Sec.  B,  Art.  3  (c)  should 
read  "metal." 

Mr.  President,  I  move  that  these  specifications  as  published,  with  the  correction  as 
noted,  be  adopted  to  replace  the  present  material  appearing  on  Manual  pages  8-6-1  to 
8-6-7  incl. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried] 

Assignment  4 — Deterioration  and  Repair  of  Masonry  Structures. 

Chairman  McLeod:  Subcommittee  Chairman  W.  R.  Wilson,  assistant  bridge  engi- 
neer system,  Atchison,  Topeka  &  Santa  Fe  Railway,  will  present  the  report  on  Assign- 
ment 4. 

W.  R.  Wilson:   Mr.  President  and  gentlemen: 

In  compliance  with  outstanding  instructions,  your  subcommittee  has  reviewed  Part 
13  of  the  Manual,  "Specifications  for  Shotcrete",  Part  14,  "Repairing  and  Solidifying 
Masonry  Structures",  and  Part  15,  "Specifications  for  Stone  Masonry".  The  recom- 
mendation to  reapprovc  all  this  material  with  minor  changes  as  noted  in  Bulletin  561, 
was  approved  by  letter  ballot  of  the  committee. 

Mr.  President,  I  move  that  Specifications  for  Shotcrete,  pages  8-13-1  to  S-13-6  of 
the  Manual,  be  reapproved  with  minor  changes  noted. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.  | 

Mr.  Wilson:  Mr.  President,  I  move  that  the  material  on  Repairing  and  Solidifying 
Masonry  Structures,  pages  8-14-1  to  8-14-8  of  the  Manual,  be  reapproved  with  changes 
and  minor  additions  as  noted. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried! 

Mr.  Wilson:  Mr.  President,  I  move  that  Specifications  for  Stone  Masonry,  pages 
8-15-1    to   8-15-6   of   the    Manual,   be   reapproved   with    revision   and   additions   as   noted. 

[The  motion    was  duly   seconded,   was  put    to  a   vote,  and  carried  | 

Mr.  Wilson:  Your  subcommittee  is  continuing  its  study  on  deterioration,  repair 
and  maintenai.ee,  including  the  use  of  epoxy  resins. 

Assignment  5 — Tunnel  Linings:  Design,  Construction  and  Maintenance. 
Collaborating  with  Committees  1,  5.  17,  28  and  29. 

Chairman  McLeod:  The  chairman  of  Subcommittee  5,  G.  H.  Dayett,  Jr.,  assistant 
maintenance  engineer,  Baltimore  &  Ohio,  is  not  lure,  so  I  will  give  bis  report  for  him. 

Your  committee  recommends  that:  (1)  The  Specifications  for  Lining  Railwaj  Tun 
nels  with  Timber,  be  reapproved  without  change; 

(2)  Specifications  for  Lining  Railway  Tunnels  with  Concrete  be  reapproved  with 
a  revision  consisting  of  deletion  of  descriptive  material  pertaining  to  the  concrete  forms; 
and 
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(.1)  The  "Specification  for  Lining  Railway  Tunnels  with  Brick"  be  reapproved  with 
revisions  consisting  of  changes  to  mortar  composition,  deletion  of  requirement  that  arch 
centers  be  slacked  after  keying,  the  rephrasing  of  drainage  requirements,  and  minor  revi- 
sions of  drawings  showing  brick  lining  and  foundation. 

All  of  the  above  changes  appeared  in  Bulletin  561,  December  1960. 

Mr.  President:   I  move  that  these  recommendations  be  adopted. 

[The  motion   was  duly  seconded,  was  put  to  a  vote,  and  carried.| 

Assignment  6 — Prestressed  Concrete  for  Railway  Structures,  Col- 
laborating with  Committee  6. 

Chairman  McLeod:  Subcommittee  Chairman  D.  H.  Dowe,  assistant  engineer  of 
bridges,  Seaboard  Air  Line  Railroad,  will  present  the  report  on  Assignment  6. 

D.  H.  Dowe:   Mr.  President,  members  and  guests  of  the  Association: 

Last  year,  your  committee  presented  as  information  a  tentative  draft  of  Specifica- 
tions for  Design,  Materials  and  Construction  of  Prestressed  Concrete  Structures  (Pro- 
ceedings Vol.  61,  pages  466  to  489,  incl.)  and  invited  comments  and  criticisms  thereon. 
Minor  revisions  have  been  made  as  indicated  on  pages  446  of  Bulletin  561. 

Mr.  President,  I  move  that  these  specifications,  with  the  minor  revisions,  be  adopted 
and  published  in  the  Manual  as  Part  17  of  Chapter  8. 

[The  motion  was  duly  seconded,  was  put   to  a  vote,  and  carried.] 

Assignment  7 — Quality  of  Concrete  and  Mortars,  Collaborating  with 
Committee  6. 

Chairman  McLeod:  The  chairman  of  Subcommittee  7,  W.  J.  Galloway,  resident 
engineer,  Erie-Lackawanna  Railroad,  is  unable  to  be  here.  The  subcommittee  reports 
that  progress  is  being  made  in  reviewing  the  Specifications  for  Concrete  and  Reinforced 
Concrete  Railroad  Bridges  and  Other  Structures,  and  that  later  the  pamphlet,  "How  to 
Make  Good  Concrete",  will  be  revised  to  include  ready-mix  concrete. 

Your  subcommittee  has  submitted  a  revised  list  of  references  to  ASTM  specifications 
referred  to  in  Chapter  8. 

Mr.  President,  I  move  that  this  list  be  adopted  to  replace  the  present  references 
listed  in  Part  18,  pages  8-18-1  and  8-18-2. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  10 — Methods  of  Construction  v/ith  Precast  Concrete  Struc- 
tural Members,  Collaborating  with   Committee  6. 

Chairman  McLeod:  Subcommittee  Chairman  W.  P.  Hendrix,  engineer  of  Bridges 
and  buildings,  Pennsylvania  Railroad,  will  present  the  report  on  Assignment   10. 

W.  P.  Hendrix:  Mr.  Chairman,  members  and  guests:  Subcommittee  10  submits  its 
report  as  a  suggested  practice  for  manufacture  of  precast  structural  units  for  use  on 
railroads.  General  manufacturing  requirements,  design,  fabrication,  handling  and  erection 
standards  are  as  described  in  Bulletin  561. 

Your  subcommittee  anticipates  future  development  of  this  topic  to  cover  application 
of  precast  units  to  railroad  building  work. 


Chairman  McLeod:  Mr.  President,  this  concludes  the  reports  on  our  assignments. 
The  members  are  ready  to  leave  the  platform  to  hear  the  next  presentation  from  the 
floor. 

The  Masonry  committee  is  fortunate  in  being  able  to  present  to  you  James  D. 
Piper,  vice  president  for  promotion  of  the  Portland  Cement  Association,  who  will  tell  us 
about  "New  Shapes  in  Concrete  for  Tomorrow's  Railroads".  Mr.  Piper. 
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New   Shapes  in   Concrete   for  Tomorrow's  Railroads 
By  James  D.  Piper 

Vice  President  for  Promotion,   Portland  Cement  Association 

Thank  you,  Mr.  Chairman.  Gentlemen,  it  is  a  genuine  pleasure  to  participate  in 
this  AREA  convention,  mainly  because  I  know  that  many  members  of  the  AREA  and 
the  Portland  Cement  Association  are  old  friends.  Although  I  am  here  primarily  to  dis- 
cuss new  shapes  in  concrete,  I  know  that  for  more  than  60  years  America's  railroads 
have  used  portland  cement  concrete  in  more  diverse  ways  than  any  other  industry. 

As  our  country's  economic  growth  moves  ahead,  these  use  patterns  should  multiply 
as  your  industry,  most  assuredly,  is  moving  ahead,  meeting  the  challenges  of  the  future 
through   increased   use  of  modern   methods  and  modern  equipment. 

Some  of  you  may  have  attended  the  conference  held  in  January  at  .Northwestern 
University's  Transportation  Center  devoted  to  the  subject  of  "Technological  Change 
and  the  Future  of  the  Railroads."  This  conference  emphasized  the  part  that  technology 
has  played  in  the  development  of  the  railroads  in  the  past  as  well  as  the  significant 
part  that  it  will  play  in  the  future.  Such  things  as  the  introduction  of  the  diesel  engine, 
mechanization  of  maintenance  of  way,  the  development  of  covered  hopper  cars  with 
pneumatic  and  gravity  unloading  facilities,  the  separation  of  containing  and  rolling 
facilities  as  exemplified  by  piggy  back  for  greater  flexibility  and  improved  service, 
double-deck  coaches  for  commuter  service,  combined,  in  some  instances,  with  push-pull 
operations,  push-button  classification  yards  and  centralized  traffic  control,  prestressed 
concrete  bridges,  concrete  ties  and  shell  roofs  of  concrete,  are  but  a  few  examples  of 
technological  contribution  to  the  advancement  of  the  railroads.  It  is  primarily  in  this 
area  of  new  technology  and  how  it  can  best  serve  the  railroads  that  the  interests  of 
the  Portland  Cement  Association  lie,  and  this  morning  I  would  like  to  direct  my  com- 
ments toward  an  accounting  of  some  of  the  recent  engineering  advancements  in  con- 
crete construction   that  are  of  special  significance  to  the  railroads. 

Probably  the  most  dramatic  advance  in  construction  is  the  use  of  shell  concrete 
to  form  the  new  shapes  in  roofs  for  applications  such  as  warehouses,  terminals  and 
shelters.  Although  many  of  these  new  shapes  accentuate  a  futuristic  outlook,  they  are 
not  combinations  of  artistic  gingerbread.  In  the  most  practical  sense,  they  represent 
technological  improvements  that  make  possible  roof  spans  of  100  ft  or  more  with  a 
thickness  of  as  little  as  3  to  4  in.  This,  of  course,  means  less  material,  therefore,  less 
total  cost. 

[Slide  1|*  Of  the  many  varieties  of  shells,  thcmultiple-barrel  shell  with  its  graceful 
accommodations  of  \;iM  Storage  areas  is  probably  the  most  widely  used.  This  is  the 
Union  Pacific's  barrel  shell  freight  terminal  in  East  Los  Angeles.  Each  barrel  has  a 
clear,  unobstructed  span  ol  104  It  and  a  chord  length  of  44  ft.  The  30  continuous  shells 
cover  1ST. .'SO  sq  ft  of  space  without  the  use  of  a  single  interior  column!  The  total 
absence  of  interior  columns  is,  of  course,  a  distinct  advantage  in  railway  freight 
terminals. 

[Slide  _'|  Another  type  oi  -lull  thai  is  now  appearing  on  the  landscape,  is  the  folded- 
plate  concrete  roof,  While  man)  different  shape-  are  possible  for  railway  structures,  the 
underlying  principle  in  each  case  is  tin-  inherent  strength  ol  a  curved  or  three-dimensional 
surface.  For  example,  because  of  iis  shape  the  -lull  of  an  ordinarj    chicken  egg  can 

withstand   an   end   pressure   of   75   lb.   Similarly,  a    Bat    surface  such  as  a  sheet   of   papei 


*  The  slides  presented  by  Mr.  Piper  arc  reproduced  on  pages  866  to  871.  ind, 
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when  folded  in  pleats  to  give  it  a  third  dimension  will  support  far  greater  weight  without 
bending. 

[Slide  .}]  This  is  how  one  railroad  successfully  adopted  the  hyperbolic  paraboloid 
shell  for  practical  use.  This  attractive  station  platform  on  the  Atlantic  Coast  Line  in 
Lakeland,  Fla.,  is  made  up  of  60  shells  each  16  ft  square.  Despite  the  curvature  of  this 
shape,  the  surface  is  composed  of  a  series  of  straight  lines.  It  is,  therefore,  possible  to 
build  relatively  simple  forms  using  straight  lumber.  When  multiple  reuse  of  forms  is 
possible,  a  significant  savings  is  realized.  The  repetition  of  a  basic  shape  in  addition  to 
reducing  cost,  provides  pattern  and  rhythm.  In  fact,  shells  combine  practicability,  econ- 
omy and  beauty  in  a  fashion  that  is  unique  in  construction  today. 

[Slide  4]  A  second  important  development  in  the  field  of  concrete  construction  is 
that  of  prestressed  concrete.  This  was  first  used  extensively  for  bridges  and  circular 
tank  construction,  but  is  proving  advantageous  for  a  wide  range  of  buildings.  An  excel- 
lent example  of  what  can  be  done  with  this  product  is  this  700-ft  long  Budd  Car  serv- 
icing building  on  the  B  &  M  in  Boston,  Mass.  A  unique  design  feature  of  the  pre- 
stressed roof  members  is  that  holes  have  been  provided  in  the  beams  at  2-ft  intervals 
for  bolting  four  monorails  to  the  beams.  The  excess  number  of  holes  allows  for  many 
variations  in  the  location  of  the  monorails. 

[Slide  5]  In  railway  bridge  work,  new  shapes  and  new  design  concepts  are 
being  adopted  by  the  railroads  such  as  the  new  prestressed  concrete  specification  that 
was  just  presented  to  you  by  this  committee.  One  of  the  many  applications  of  this 
design  concept  is  this  700-ft-long  prestressed  concrete  trestle  on  the  Atlantic  Coast  Line 
near  Yemassee,  S.  C.  According  to  this  railroad,  the  use  of  prestressed  slabs  and  piles 
for  this  trestle  resulted  in  a  saving  of  approximately  $60,000,  and  because  of  this  econ- 
omy, I  understand  that  they  plan  to  build  another  prestressed  concrete  trestle  this  year. 

[Slide  6]  Another  outstanding  example  of  railroad  bridge  engineering  is  this  12-ft- 
wide  prestressed  concrete  bridge  built  by  the  Rock  Island  near  Letts,  Iowa.  It  is  what 
might  be  called  the  first  AREA  standard  prestressed  railroad  bridge  as  it  has  been  pat- 
terned after  one  of  the  standards  that  is  being  prepared  for  the  AREA  manual  by  the 
Prestressed  Concrete  subcommittee. 

This  is  a  very  economical  bridge  because  it  is  made  up  of  standard  highway  bridge 
members  that  are  readily  available  from  most  prestressing  plants.  Speed  and  ease  of 
erection  is  possible  as  all  of  the  units  are  made  up  of  precast  concrete.  Another  innova- 
tion of  this  bridge  is  the  use  of  an  epoxy  for  waterproofing  and  joining  the  members 
together.  This  means  further  savings  in  both  time  and  material. 

[Slide  7]  While  the  use  of  new  shapes  in  concrete  has  been  steadily  increasing  in 
bridges  and  buildings,  the  concrete  cross  tie  has  really  moved  to  the  center  of  the  stage. 
About  one  year  ago  the  first  two  major  installations  of  concrete  ties  were  placed  in 
track.  This  slide  shows  a  segment  of  the  600  ties  installed  on  the  Seaboard  Air  Line  in 
Tampa,  Fla.  Five-hundred  ties  were  installed  at  the  same  time  on  the  Atlantic  Coast 
Line  near  Four  Oaks,  N.  C. 

The  research  staff  of  the  AAR  in  Chicago  designed  these  ties.  Extensive  laboratory 
and  field  testing  has  been  done  by  the  AAR  and  the  data  are  now  being  analyzed.  A 
complete  report  is  to  be  published  in  1962. 

[Slide  8 1  Almost  simultaneously  with  the  two  test  installations  on  the  East  Coast, 
the  Western  Pacific  Railroad  installed,  in  San  Francisco,  49  prestressed  concrete  ties  in 
track.  Half  of  these  ties  were  made  with  a  lightweight  aggregate  and  the  other  half 
with  a  crushed  rock  aggregate.  The  design  of  these  closely  paralleled  those  that  have 
been  used  successfully  by  European  railroads,  principally  in  Germany. 
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[Slide  9]  Another  type  of  concrete  tie  that  is  now  being  manufactured  in  Canada 
is  this  composite  reinforced  concrete  tie.  This  is  a  modification  of  a  tie  that  has  been  used 
successfully  in  France  and  many  other  countries  of  the  world.  Although  none  of  these 
ties  are  in  track  in  the  United  States  or  Canada  as  yet,  an  installation  is  planned  for 
the  latter  part  of  this  year.  At  the  present  time,  concrete  ties  are  being  field  tested  in 
five  separate  locations  on  five  different  railroads. 

[Slide  10]  Another  first  in  railroad  history  was  made  last  July  when  a  concrete 
rail  crossing  support  was  installed  at  Dolton,  111.,  just  south  of  Chicago.  This  post- 
tensioned,  prestressed  support  was  designed  by  the  research  staff  of  the  AAR  and  is  part 
of  a  research  project  for  Subcommittee  3  of  the  Track  committee.  It  was  fabricated  bj 
engineers  and  technicians  at  the  Portland  Cement  Association  laboratories  in  Skokie, 
111.  Concrete  of  over  8000  psi  strength  was  used  and  tension  applied  to  the  reinforcing 
after  allowing  sufficient  time  for  developing  full  strength.  The  design  provided  for  a 
^-in  recess  in  the  top  of  the  foundation  to  retain  the  rubber  pad  under  the  castings 
and  l-by-5-in  steel  stops  cast  in  the  concrete  were  provided  to  prevent  lateral  move- 
ment of  the  castings  in  service.  One  of  the  reasons  why  this  crossing  on  the  Indiana 
Harbor  Belt  and  the  Chicago  and  Western  Indiana  was  chosen  is  that  about  50  million 
gross  tons  move  over  this  crossing  annually. 

Although  I  am  here  primarily  to  discuss  new  shapes  in  concrete,  I  have  also  been 
asked  by  the  chairman  of  this  committee  to  explain  briefly  how  the  Portland  Cement 
Association  serves  the  railroad  industry. 

In  the  most  practical  sense,  the  PCA  exists  primarily  to  be  of  service  to  people 
like  you  by  developing  improved  methods  of  design  and  construction  and  by  seeing  to  it 
that  this  information  is  distributed  to  you,  the  users  of  concrete. 

To  do  this  we  have  our  Structural  and  Railways  Bureau  in  Chicago.  We  also  main- 
tain 35  district  offices  staffed  by  hundreds  of  engineers,  architects  and  specialists.  From 
any  one  of  these  offices,  technical  information  in  the  form  of  literature  or  personal  con- 
sultation is  available  to  you.  Short  courses  in  the  latest  structural  design  techniques  and 
courses  in  new  methods  and  practices  of  making  quality  concrete  are  available  and  are 
held  at  places  designated  by  the  railroad  desiring  the  course.  Motion  pictures  and  other 
services  are  also  available  to  you  all  without  charge. 

In  conclusion,  I  should  like  to  say  that  this  is  an  exciting  period  in  the  field  of 
concrete  construction.  The  many  recent  developments  in  new  shapes  in  concrete  are 
serving  as  a  catalyst,  stimulating  new  and  better  ideas  and  techniques  which  is  resulting 
in  greater  economy  for  all  types  of  structures  on  the  railroads.   [Applause] 
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[Vice  President  C.  J.  Code  assumed  the  Chair.] 

Chairman  McLeod:  Thank  you,  Mr.  Piper,  for  your  timely  and  very  interesting 
discussion  and  pictures. 

Mr.  Chairman,  this  concludes  the  report  of  Committee  8  except  that,  as  retiring 
chairman,  I  would  like  to  introduce  your  new  chairman  and  vice  chairman.  The  new- 
chairman  is  D.  H.  Dowe,  assistant  engineer  of  bridges  of  the  Seaboard  Air  Line.  Will 
you  please  stand,  Mr.  Dowe? 

The  new  vice  chairman  is  J.  R.  Williams,  assistant  engineer  of  bridges  of  the  Rock 
Island.  Will   you  please  stand,  Mr.  Williams?  Thank  you,  gentlemen. 

Vim  Pkimihm  Code:  Thank  you,  Mr.  McLeod  and  your  committee,  for  another 
series  of  valuable  reports,  includinu  a  significant  number  of  recommendations  with  respecl 
t<>  your  chapter  in  the  Manual.  The  Association  looks  to  your  committee  to  keep  it 
abreast  of  all  matters  relating  to  concrete  and  masonry  structures,  and  it  is  evidenl  thai 
your  committee  is  alert   to  it-   responsibilities 

Thank  you.  Mr  Piper,  for  your  important  contribution  to  the  presentation  of  tin 
committee  to  this  convention. 

Mr.  McLeod,  I  want  to  commend  you  on  your  effective  leadership  of  your  com- 
mittee during  the  past  three  years.  Under  your  direction  the  work  of  the  committee  has 
been  most  effective  and  bas  been  carried  forward  with  dispatch. 

We  welcome  Mr.  William-  a-  vice  chairman  of  Committee  8,  and  Mr.  Dowe  a-  tin- 
new  chairman,  and  are  satisfied  that  under  their  direction  the  good  work  of  the  Com- 
mittee will  continue. 
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Mr.  Dowe,  as  the  new  chairman  of  Committee  8  may  I  present  you  with  this 
official  chairman's  gavel,  which  I  trust  will  assist  you  in  conducting  the  meetings  of  your 
committee. 

Mr.  McLcod,  your  committee  is  now  excused  with  the  thanks  of  the  Association. 
[Applause  | 

Discussion   on   Impact   and    Bridge    Stresses 

[For  report  see  Bulletin  561,  pp.  415-418.] 

[Vice  President  Code  presiding.] 

Vice  President  Code:  Continuing  our  consideration  of  structural  matters,  we  will 
hear  next  from  Committee  30 — Impact  and  Bridge  Stresses,  of  which  D.  VV.  Musser, 
design  engineer,  Erie-Lackawanna  Railroad,  at  Cleveland,  is  chairman.  Mr.  Musser,  will 
you,  the  vice  chairman  of  your  committee,  and  your  subcommittee  chairmen  please 
come  to  the  platform  and  present  your  report. 

Chairman  D.  W.  Musser:  Mr.  President,  members  of  the  association  and  guests: 
The  past  year  has  been  one  of  many  problems;  the  research  budget  recommended  by 
this  committee,  as  well  as  those  by  other  committees,  was  drastically  reduced;  even  the 
elimination  of  the  committee  was  studied.  We  have  had  to  reduce  our  research  program 
for  this  year  about  30  percent  and  next  year  it  will  be  reduced  another  50  percent. 
I  realize  that  all  of  the  committees  have  had  to  make  similar  reductions  in  their  budget. 
However,  the  work  of  Committee  30  is  all  based  on  testing  of  existing  structures  or  new 
research,  and  none  of  this  work  can  be  carried  out  without  funds.  Consequently,  the 
work  of  this  committee  is  becoming  impaired. 

These  reductions  have  not  hampered  the  work  of  this  committee  too  badly  as  yet, 
as  we  have  been  trying  to  clear  a  backlog  of  work  already  completed.  However,  our 
current  research  is  being  affected  and  important  research  in  prestressed  concrete,  the 
determination  of  the  useful  life  of  timber  structures,  the  use  of  electronic  calculators  to 
solve  engineering  problems,  and  other  studies  have  been  curtailed.  All  of  these  studies 
hold  a  deep  interest  to  bridge  engineers  and  will  prove  very  valuable  to  them  when  the 
work  is  concluded,  as  they  will  result  in  large  savings  in  initial  costs  and  in  future 
maintenance. 

An  example  of  how  these  reductions  in  our  budget  have  affected  our  work  is  in 
our  study  of  vibrational  characteristics  of  bridges  affecting  deflections  and  depth  ratios. 
This  study  was  begun  at  New  York  University  under  the  direction  of  Dr.  Michalos 
about  four  years  ago.  After  spending  a  considerable  amount  of  money  and  two  years 
of  work  and  just  as  we  were  nearing  the  end  of  the  analytical  research,  we  had  to  stop 
this  program  because  of  a  lack  of  funds.  We  have  been  unable  to  complete  this  study, 
as  we  have  had  to  use  our  research  funds  on  other  more  pressing  subjects. 

In  regard  to  the  study  on  the  elimination  of  Committee  30,  probably  the  least 
said  the  better.  However,  the  members  of  this  committee  were  greatly  disturbed  when 
this  measure  was  first  proposed,  and  rightly  so.  We  feel  that  the  work  this  committee 
has  done  in  the  past  has  proven  very  beneficial  to  all  railroad  bridge  engineers  and  that 
our  profession  would  not  be  as  advanced  in  our  understanding  of  structural  problems 
without  the  work  we  have  done. 

Initially,  the  main  function  of  this  committee  was  to  determine  the  impact  in  bridge 
structures.  In  the  course  of  making  studies  on  impact,  we  have  learned  much  about 
longitudinal  forces  acting  on  a  structure,  distribution  of  live  load,  distribution  of  stress 
in  members,  and  confirmed  many  questionable  design  specifications  in  steel,  concrete  and 
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timber  structures.  Because  of  tests  made  by  this  committee  at  the  request  of  Committee 
8 — Masonry,  the  use  of  prestressed  concrete  is  being  accepted  by  more  and  more  railway 
engineers  for  use  in  railway  structures.  Probably  many  of  these  problems  would  have 
been  resolved  even  if  this  committee  was  not  in  existence;  however,  if  each  of  the 
structural  committees  were  to  have  made  the  investigations  that  we  have  made  in  the 
past,  in  all  probability  there  would  have  been  a  large  over-lapping  of  effort  and  thus 
would  have  been  more  expensive  and  time  consuming. 

Before  leaving  this  subject  I  want  the  officers  and  Board  of  Direction  of  the  AREA 
to  know  that  we  realize  that  this  measure  was  proposed  only  as  a  possible  means  to  cut 
costs.  We  also  want  to  express  our  gratitude  for  the  decision  you  reached  to  continue 
the  committee  as  it  now  stands.  We  will  do  all  we  can  to  prove  that  you  came  to  the 
right  decision. 

Assignment  2 — Steel  Truss  Spans. 

Chairman  Musser:  Although  no  work  was  done  explicitly  for  this  subcommittee. 
the  AAR  research  staff,  under  the  direction  of  E.  J.  Ruble,  made  field  tests  on  a  Pitts 
burgh  &  Lake  Erie  Railroad  bridge  across  the  Monongahcla  River  at  the  request  and 
expense  of  the  railroad.  Similar  tests  were  conducted  for  the  Monongahcla  Connecting 
Railroad  in  Pittsburgh.  Data  secured  during  both  of  these  tests  were  analyzed  by  the 
railroads  under  supervision  of  the  research  staff. 

Assignment  4 — Longitudinal  Forces  in  Bridge  Structures,  Collaborating 
with  Committees  7,  8  and  15. 

Chairman  Musser:  Although  no  tests  or  reports  were  made  on  this  assignment 
this  year,  it  is  evident  from  our  previous  work  that  the  magnitude  of  the  longitudinal 
forces  we  assume  in  structures  is  too  large.  We  are  in  need  of  a  comprehensive  test  on 
this  subject,  as  I  believe  that  our  specifications  can  be  revised  considerably  with  an 
accompanying  large  savings  to  the  railroads. 

Assignment  5 — Distribution  of  Live  Loads  in  Bridge  Floors. 

Chairman  Musser:  The  current  work  on  this  assignment  is  being  progressed  at 
the  University  of  Illinois  under  the  direction  of  Dr.  Ncwmark,  our  subcommittee  chair- 
man. W.  W.  Sanders,  a  graduate  student  at  the  University,  is  using  the  subject  as  his 
Doctorate  thesis  and  has  prepared  a  report  which  has  been  reviewed  by  this  committee 
and   approved   for   publication    with   a    few   minor   revisions. 

The  report  outlines  the  theoretical  studies  that  were  made  and  shows  tin  close 
correlation  between  these  studies  and  actual  field  tests.  In  most  instances,  the  theoretical 
distribution  curve  very  closely  follows  the  distribution  curve  developed  by  the  field  tests. 

The  report  includes  equations  for  the  distribution  of  live  load  in  bridges  of  the  [ol 
lowing  types: 

(1)  Solid-floor  bridges  with  a  steel  Boor  plate  supported  bj  transverse  Boorbeams. 

(2)  Solid-floor  bridges  with  a  steel  Boor  plate  supported  ii\   longitudinal  beams 
(.*)  Solid-floor  bridges  with  a  concrete  slab  floor  supported  by  transverse  floor 

beams. 
(4)    Solid-floor  bridges  with  a  concrete  slab  floor  supported  by  longitudinal  beams. 

It  is  felt  that  these  equations  are  still  a  little  cumbersome  and  that  a  further  review 
of    them    should    be    considered.    We    feel    that    they    can    be    simplified    without    seriousl) 

hampering  their  effectiveness    This  stuck    will  l>e  advanced  this  yew   ami  oui    recom 

mendations    will    be    submitted    to    Committee    IS    when    they    arc   completed. 
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Assignment  6 — Concrete  Structures. 

Chairman  Musser:  A  report  on  tests  conducted  by  the  AAR  research  staff  on  a 
Southern  Railway  three-span  prestressed-concrete  double-track  bridge  near  Dry  Fork, 
Va.,  appears  in  Bulletin  558.  A  few  of  the  more  pertinent  results  of  this  test  were: 

(1)  Although  each  track  is  supported  by  six  rectangular  beams,  it  was  found  that 
the  four  center  beams  carried  practically  all  of  the  load.  This  was  due  pri- 
marily to  the  small  depth  of  ballast,  only  5  in. 

(2)  Trains  operated  over  this  structure  at  speeds  up  to  87  mph,  yet  the  max- 
imum recorded  strains  and  deflections  did  not  exceed  calculated  values,  and 
the  maximum  impact  was  only  about  60  percent  of  that  specified  in  the  cur- 
rent AREA  specifications. 

For  comparative  purposes,  a  laboratory  investigation  was  made  on  a  full-scale 
specimen  having  the  same  characteristics  as  the  beam  tested  in  the  field.  In  addition,  a 
beam  with  an  "I"  section  was  also  tested  statically.  Although  these  two  beams  had 
different  cross  sections  (one  was  a  box  beam  and  the  other  an  "I")  and  were  of  differ- 
ent spans  (the  box  beam  had  a  span  of  26  ft  and  the  "I"  section  a  span  of  12  ft  6  in) 
they  both  acted  in  a  similar  manner.  The  strain  in  both  beams  was  proportional  to  the 
applied  load  up  to  about  1.5  times  their  design  load,  and  they  both  failed  at  about  three 
times  the  design  load. 

A  report  on  tests  conducted  on  a  68-in  by  74-in  elliptically  shaped  reinforced  con- 
crete pipe  under  a  fill  of  about  40  ft  on  the  Louisville  &  Nashville  Railroad  was  re- 
viewed by  the  committee  this  year.  One  principle  of  good  design  and  construction  of 
reinforced  concrete  pipe  that  this  test  brought  out  very  forceably  was  that  in  the  selec- 
tion of  a  pipe,  proper  attention  must  be  given  to  the  method  of  backfilling  and  bedding, 
so  as  to  be  consistent  with  the  strength  of  pipe  used.  This  report  has  proven  to  be  very 
controversial;  however,  we  hope  to  be  able  to  publish  the  results  next  year. 

Field  tests  and  the  analysis  of  the  test  data  have  been  completed  on  a  30-ft  pre- 
stressed  concrete  bridge  on  the  Florida  East  Coast  Railway  and  on  a  70-ft  prestressed 
concrete  span  on  the  Santa  Fe  Railway.  Both  of  these  reports  will  be  reviewed  next  year. 

The  investigation  is  continuing  at  the  Research  Center  on  the  19-ft  prestressed  con- 
crete beams  to  determine  the  repeated-load  strength  of  these  beams  and  to  determine 
the  influence  of  the  amount  of  prestressing  force  and  different  size  strands  on  the 
repeated-load  strength.  The  beams  were  made  for  us  under  controlled  conditions  by  the 
Portland  Cement  Association  in  its  research  and  development  laboratory.  At  the  present 
time  only  four  have  been  tested,  so  no  data  are  available  for  presentation. 

Assignment  7 — Timber  Structures,  Collaborating  with  Committee  7. 

Chairman  Musser:  In  our  report  in  the  Bulletin  it  was  stated  that  next  year  we 
would  publish  a  report  on  the  tests  conducted  on  the  60-ft-long  glued  laminated  timber 
girder  bridge  of  the  Weyerhauser  Lumber  Company.  Since  that  report  was  prepared, 
we  have  been  informed  that  the  AREA  will  not  be  able  to  publish  our  reports  in  com- 
plete form  in  the  bulletin  due  to  the  withdrawal  of  funds  from  the  AAR  for  publishing 
costs.  The  AAR  has  published  this  report  in  a  separate  publication  which  has  been 
submitted  to  the  chief  engineers  of  the  Member  Roads  and  to  members  of  interested 
AREA  committees.  A  condensed  version  of  this  report  will  be  published  in  the  Bulletin 
next  year.  However,  if  any  of  you  gentlemen  wish  to  obtain  copies  of  the  full  report, 
you  will  be  able  to  do  so  by  requesting  a  copy  of  the  report  directly  from  the  AAR 
Research  Center  here  in  Chicago. 
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I  might  mention  at  this  time  that  the  glu-lam  beams  have  performed  satisfactorilj 

in  this  installation  and  that  our  test  results  show  that  the  glue  i-  effectively  transferring 
the   horizontal   shearing   .-tresses  across   the   laminations. 

Assignment  9 — Use  of  Electronic  Computers  for  Railroad  Bridge 
Problems. 

Ciiaikmw  Musser:  The  computer  program  developed  last  year  for  calculating 
shears,  moments,  cross  girder  reactions  and  Cooper  E  ratings  due  to  moving  loads  on 
simple  spans  has  been  used  to  prepare  moment  and  shear  tables  for  25  representative 
special  heavy  railroad  cars.  During  1960,  these  were  distributed  to  the  chief  engineers 
of  the  Member  Roads.  These  moment  and  shear  tables  are  being  enlarged  to  include 
additional  cars  and  other  combinations  of  cars  with  and  without  loaded  cars  in  front 
and  following  the  heavy-duty  cars.  The  additional  tables  will  be  distributed  this  next 
year. 

Assignment  10 — Steel  Continuous  Structures. 

Chairman  Musser:  A  report  on  tests  conducted  by  the  AAR  research  staff  on  three 
Southern  Pacific  Company  continuous  steel  railway  bridges  appears  in  Bulletin  558. 

This  report  contains  a  description  and  analysis  of  field  tests  on  three  continuous 
bridges;  a  three-span  continuous  deck  plate  girder,  a  two-span  continuous  through 
plate  girder  with  skewed  center  pier,  and  a  three -span  continuous  deck  truss.  The 
bridges  are  located,  respectively,  on  a  3-deg  curve,  the  spiral  to  a  2-deg  curve,  and  on  a 
tangent.  Trains  operated  over  these  bridges  through  a  full  range  of  speeds;  however, 
in  no  case  did  the  recorded  impact  exceed  that  recommended  by  the  present  AREA 
design  specifications  for  continuous  bridges.  A  comparison  of  the  recorded  and  calcu- 
lated stresses  and  moments  indicated  generally  good  agreement  between  the  theoretical 
and  actual  performance  of  each  of  these  bridges. 

Chairman  Musser  (Continuing):  This  concludes  the  brief  report  on  our  current 
work. 

I  would  now  like  to  introduce  the  subcommittee  chairmen  who  are  present  here 
today.  As  I  give  their  names  I  ask  that  each  chairman  stand  in  order  that  he  may  be 
recognized. 

E.  S.  Birkenwald.  engineer  of  bridges,  Southern  Railway  System,  Subcommittee  on 
Steel  Truss  Spans. 

Dean  A.  T.  Granger,  College  of  Engineering,  University  of  Tennessee,  Subcommittee 
on  Viaduct  Columns. 

J.  A.  Erskine,  assistant  bridge  and  building  engineer,  Gulf,  Mobile  &  Ohio  Railroad. 
Subcommittee  on  Longitudinal  Forces. 

I)r.  \.  M.  Newmark,  head.  Department  of  Civil  Engineering,  University  of  Illinois. 
Subcommittee  on  Distribution  of  Live  Load. 

P.  L.  Montgomery,  division  engineer.  Nickel  Plate  Railroad,  Subcommittee  on  Con- 
crete Structures. 

C.  V.  Lund,  assistant  to  chief  engineer,  Milwaukee  Road,  Subcommittee  on  Timber 
Structures. 

Dr.  James  Michalos.  bead,  Department  of  Civil  Engineering,  New  York  University, 
Subcommittee  on  Vibrational  Characteristics. 

E.  R.  Andrlik,  bridge  designer,  Santa  Fe  Railway,  Subcommittee  on  Electronii 
Computers. 

A.  R.  Harris,  engineer  of  bridges,  Chicago  S  North  Western  Railway,  Subcommittee 
on  Continuous  Structures. 
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N.  E.  Ekrem,  assistant  bridge  engineer,  Great  Northern  Railway,  Subcommittee  on 
Composite  Design. 

This  concludes  the  presentation  of  the  committee.   [Applause  | 

Vice  President  Code:  Thank  you,  Mr.  Musser.  I  am  sure  we  all  share  your  regret 
in  the  reduction  in  funds  available  for  research.  Year  after  year  your  committee  spon- 
sors or  carries  forward  many  important  investigations  and  tests  of  great  value  to  our 
other  structural  committees  in  their  work  of  bridge  design,  construction  and  maintenance, 
also  in  enabling  these  committees  to  revise  their  Manual  chapters  in  line  with  latest 
developments. 

Your  committee  has  done  valuable  work  during  your  second  year  as  its  chairman, 
handicapped,  I  am  well  aware,  in  some  respects  by  the  lack  of  funds  to  progress  certain 
of  your  projects.  This  handicap  no  doubt  will  continue  to  prevail  in  the  your  ahead, 
but  we  know  that  under  your  direction  your  committee  will  make  the  greatest  progress 
possible. 

You  are  now  excused  with  the  thanks  of  the  Association.  [Applause] 

Discussion  on  Iron  and  Steel  Structures 

[For  report  see  Bulletin   562,  pp.  543—553.] 

[Vice  President  Code  presiding.] 

Vice  President  Code:  Our  next  structural  report  will  be  that  of  our  Committee 
15 — Iron  and  Steel  Structures,  the  chairman  of  which  is  D.  V.  Messman,  assistant  to 
chief  engineer,  Southern  Railway  System,  at  Washington.  Mr.  Messman,  I  will  be 
pleased  if  you,  your  vice  chairman  and  your  subcommittee  chairmen  will  come  to  the 
speaker's  table  promptly  and  present  your  report.  Mr.  Messman. 

Chairman  D.  V.  Messman:  Mr.  Vice  President  and  members: 

Since  last  year's  convention  your  Committee  on  Iron  and  Steel  Structures  has  lost 
one  of  its  valued  former  members,  Jonathan  Jones  of  the  Bethlehem  Steel  Company. 
His  memoir  is  included  in  Bulletin  562  along  with  the  annual  report  of  Committee  15. 

Assignment  1 — Revision  of  Manual. 

Chairman  Messman:  Material  which  has  been  previously  published  as  informa- 
tion has  now  been  made  ready  for  adoption,  the  required  letter  ballots  having  passed. 
Subcommittee  Chairman  E.  S.  Birkenwald,  engineer  of  bridges,  Southern  Railway,  will 
present  a  motion  concerning  revision  of  the  Manual. 

E.  S.  Birkenwald:   Mr.  Chairman,  I  offer  the  following  motion: 

(1)  That  Manual  material  covering  "Specifications  for  Steel  Railway  Bridges," 
pages  15-1-1  to  15-1^2  incl.,  be  reapproved  with  revisions  to  cover  the  use  of  self- 
lubricating  bronze  bearing  plates  and  perforated  cover  plates,  as  published  in  Bulletin 
562,  pages  545  and  547  incl.,  and  with  the  other  revisions  that  will  be  presented  by  the 
committee  to  this  annual  meeting  under  its  Assignments  4,  5  and  7,  if  such  are 
approved; 

(2)  That  Manual  material  covering  "Requirements  for  Protection  of  Traffic  at 
Movable  Bridges",  pages  15-M-l  and  15-M-2;  "Principles  for  Detailed  Design  of  Flash- 
ing, Drainage,  Reinforcement  and  Protection  for  Waterproofing  Purposes",  pages  15-M-3 
to  15-M-l  1,  incl.;  "Design  of  Expansion  Joints  for  Iron  and  Steel  Structures",  pages 
15-M-12  to  15-M-20  incl.;and  "Method  of  Shortening  I-bars  to  Equalize  the  Stress", 
pages   15-M-30  to   15-M-33  incl.,  be  reapproved  without  change; 

(3)  That  Manual  material  covering  "Blast  and  Fume  Protection",  page  15-M-34, 
be  reapproved  with  the  minor  revisions  published  in  Bulletin  562,  page  548;  and 
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(4)    That    Manual   material    covering    "Specifications    for   Movable    Bridges",   pages 

15-2-1    to    IS— 2-73,   incl.,   be   reapproved  with   Sec.  F,  pages   15-2-47   to    15-2-63   incl.. 

revised  as  published  in  the  1960  Proceedings,  Vol.  61,  pages  562  to  580  incl.,  and  modified 

as  shown  in  Bulletin  562,  pages  548  and  549. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.  | 

Chairman   Messman:    In  connection  with  our  work  on  Specifications  for  Movable 

Bridges,  I  acknowledge  the  extensive  work  of  a  special  subcommittee  headed  by  Clinton 

D.  Hanover,  Jr.,  of  the  firm  of  Hardesty  and  Hanover. 

Assignment  4 — Stress   Distribution   in   Bridge   Frames. 

Chairman  Messman:  Subcommittee  Chairman  E.  T.  Franzen,  engineer  of  bridges 
of  the  Rock  Island,  will  present  a  motion  concerning  stress  distribution  in  bridge  frames. 

E.  T.  Franzen:  Mr.  Chairman,  I  move  that  the  Specifications  for  Steel  Railway 
Bridges  be  revised  with  respect  to  floorbeam  hangers  as  published  in  the  1960  Proceed- 
ings,  page   581,   and   involving   changes  in   Manual   pages   15-1-11,    15-1-18  and    15-5-4. 

[The   motion    was   duly   seconded,  and   put   to  a   vote,  and  carried.] 

Mr.  Franzen:  Through  the  progress  reports  most  of  you  are  aware  of  the  work 
being  done  on  the  truss  bridge  research  project  at  Northwestern  University. 

To  date  four  tests  have  been  made  on  an  end  post — one  straight  and  three  bent. 
Preparations  are  now  being  made  for  the  fourth  test  on  the  bent  end  post.  It  is  antici- 
pated that  one  or  two  more  tests  will  be  required  before  the  post  is  bent  an  amount 
that   will  permit   it   to   cany   design   load  only. 

Anyone  interested  in  inspecting  the  model  truss  is  invited  to  go  up  there  tomorrow. 
For  most  of  you  the  simplest  way  to  get  there  is  to  take  the  subway  on  State  Street, 
transfer  at  Howard  Street  and  get  off  at  Foster  Avenue  in  Evanston.  Frank  Cramer  and 
John  Ely  are  in  charge  at  the  project. 

A  formal  invitation  will  be  issued  in  the  near  future  to  the  chief  engineers  for  mem- 
bers of  their  staff  to  observe  an  actual  test  of  a  bent  end  post. 

Anyone  wanting  any  further  information  on  how  to  get  there  might  see  Mr.  Ruble 
or  myself,  and  we  will  be  glad  to  give  you  additional  information. 

Assignment  5 — Design  of  Steel  Bridge  Details. 

Chairman  Mi.ssm.w:  Subcommittee  Chairman  A.  R.  Harris,  engineer  of  bridges, 
Chicago  &  North  Western,  will  present  a  motion  concerning  design  of  steel  bridge 
details. 

A.  R.  Harris:  Mr.  Chairman.  I  move  that  the  Specifications  for  Steel  Railway 
Bridges,  Manual  pages  1  ^  1  11  and  15-1-19,  be  revised  with  respeel  to  rivel  bearing 
values  and  rules  for  designing  girder  web  splices,  as  published  in  Bulletin  5b2,  pages  550 
and  551. 

[The   motion   was  dulj    seconded,   was  put    to  a   vote,  and  carried.  | 

Assignment  7 — Bibliography  and  Technical  Explanation  of  Various  Re- 
quirements  in  AREA    Specifications   Relating   to   Iron  and  Steel  Structures. 

Chairman  Messman:   Subcommittee  Chairman  J.  G.  Clark,  of  the  firm  of  Clark, 
Daily  and  Dietz.  will  present   a  motion  concerning  bibliograph)   ami  technical  explana 
tions    of    various    requirements    in    AREA    specifications    relating    to    iron    and    steel 
structures. 

J.  (1.  Clark:   Mr.  Chairman.  1  move  that  a  ihu   Appendix  M  on  this  subject   lif 

added    to    the    Specifications    for    Steel    Railway    Bridges    and    that    related    revisions    be 
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made  in  these  Specifications,  all  as  published  in  the  1959  Proceedings,  pages  535  to  550 
incl.,  and  modified  in  Bulletin  562,  pages  551  and  552. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Specifications  for  the  Design  of  Corrugated  Metal  Culverts,  Including 
Corrugated  Metal  Arches. 

Chairman  Messman:  Subcommittee  Chairman  W.  E.  Dowling,  assistant  system 
bridge  engineer,  Union  Pacific,  will  present  a  motion  concerning  specifications  for  the 
design  of  corrugated  metal  culverts.  Since  publication  of  Bulletin  562  we  have  discovered 
the   need  for  editorial  corrections,   which   Mr.   Dowling  will  incorporate  in  his  motion. 

W.  E.  Dowling:  Mr.  Chairman,  I  move  that  the  Specifications  for  Corrugated 
Structural  Plate  Pipe,  Manual  pages  1-4-25  to  1-4-32,  incl.,  be  revised  as  published  in 
the  1959  Proceedings,  pages  550  to  552,  incl.,  except  that  the  title  of  Art.  1,  Sec.  D  is  to 
be  "Lightest  Permissible  Gage  of  Plates  for  Structural  Plate  Pipes,  Pipe-Arches  and 
Arches   (Cooper  E  72  Live  Load)." 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Chairman  Messman:  The  following  subcommittee  chairmen  are  responsible  for 
assignments  on  which  we  have  status  or  progress  reports  only.  Will  they  please  stand 
as  I  call  their  names: 

Dr.  J.  Michalos,  chairman,  Department  of  Civil  Engineering,  New  York  University, 
is  chairman  of  the  Subcommittee  on  Composite  Construction. 

R.  C.  Baker,  engineer  of  structures,  C&EI,  is  chairman  of  the  Subcommittee  on 
Preparation  and  Painting  of  Steel  Surfaces. 

D.  L.  Jerman,  chief  engineer,  Pittsburgh  &  West  Virginia,  is  chairman  of  the 
Subcommittee  on  Uses  of  Synthetic  Resins. 

J.  C.  King,  assistant  engineer  of  bridges  and  structures,  Canadian  National,  is  chair- 
man of  the  Subcommittee  on  Effect  of  Welded  Rail  on  Steel  Bridges. 

Introduction  of  Special  Feature 

Chairman  Messman:  Before  proceeding  with  our  special  feature,  I  invite  com- 
ments or  questions  from  the  floor  concerning  our  report. 

Our  special  feature  is  an  address  on  the  design  and  fabrication  of  a  welded  rigid 
frame  railroad  bridge.  This  bridge  is  under  the  jurisdiction  of  one  of  our  committee 
members,  R.  T.  Blewitt,  bridge  engineer  of  the  Nickel  Plate,  and  was  designed  by  the 
Osborn  Engineering  Company  of  Cleveland,  Ohio. 

This  address  will  be  given  by  Jack  P.  Jaso,  field  welding  engineer  of  the  Lincoln 
Electric  Company,  Chicago.  Mr.  Jaso  is  a  1950  civil  engineering  graduate  of  Cornell 
University;  he  served  in  the  Navy  from  1950  to  1953,  and  has  been  in  his  present 
position  since  January  1954.  Mr.  Jaso. 


A  d  d r  e  s  s    of    J  .    P .    J  aso 
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ABSTRACT 

A  rigid-frame  welded  steel  bridge  was  selected  as  the  railroad  supporting  structure 
for  a  grade  separation  project  at  East  222nd  Street  and  the  Nickel  Plate  Railroad  in 
Euclid,  Ohio.  The  bridge  is  divided  into  three  parallel  structures:  the  center  bridge 
carries  the  east  and  west  bound  main  tracks;  each  outside  bridge  supports  an  industrial 
track  and  a  4-ft  4-in  sidewalk  with  steel  railing.  The  structural  steel  elements  consist 
of  a  series  of  parallel  welded  steel  ribs  or  frames  of  91-  ft  4^4-in  span  and  37-deg  59-min 
10-sec  skew,  covered  with  composite  reinforced  concrete  deck.  The  bridge  was  designed 
for  Cooper  E  72  loading  in  accordance  with  AREA  specifications.  Alloy  steel  was  used 
to  reduce  weight  of  sections  and  thickness  of  material  to  be  welded.  The  completed 
bridge  provides  a  clean-lined  structure,  economical  to  build,  easy  to  maintain  and  free 
from  hazardous  columns  in  the  underpass. 

Design  Requirements 

The  track-supporting  structure  was  designed  for  Cooper  E  72  loading  in  accordance 
with  AREA  specifications.  Structural  steel,  designed  for  a  tensile  stress  of  24,000  psi,  was 
used,  conforming  to  ASTM  A  242-55  specifications.  The  required  clear  span  and  mini- 
mum vertical  clearance  were  86  ft  4  in  and  15  ft,  respectively.  This  span  was  necessary 
to  clear  the  5 2 -ft  roadway  plus  two  8-ft  sidewalks  because  of  the  skew  in  the  alinement 
of  the  street  and  the  railroad  right-of-way.  A  total  width  of  63  ft  8  in  was  necessary 
to  accommodate  the  main-line  tracks,  the  two  switching  tracks  and  the  two  steel-railed 
sidewalks. 

Selection  of  Span  Type 

The  use  of  a  single-span  structure  was  specified,  since  the  presence  of  columns  in 
the  underpass  was  felt  to  be  hazardou-  to  vehicular  traffic.  Test  borings  at  the  site  dis- 
closed shale  near  the  surface,  extending  t<>  a  depth  well  below  the  bottom  of  the  proposed 
footing.  Preliminary  calculations*  of  horizontal  frame  thrust  indicated  thai  all  reaction- 
could  be  transferred  directly  to  the  shale.  This  condition  eliminated  the  need  for  tension 
ties  between  the  columns,  thereby  making  a  rigid-frame  structure  suitable.  The  vertical 
clearance  problem  dictated  a  maximum  bridge  depth  limitation  from  the  top  oi  rail 
to    the   clearance   point    of   slightly    more   than   6   ft. 

Preliminary  designs  proved  thai  a  reinforced  concrete  frame  would  not  provide 
adequate  wertical  clearance  \  steel  frame  could  feasiblj  meet  the  rigid  strength  ami 
clearance  requirements,  and  therefore  was  -elected  a-  the  type  of  structure  to  be  used, 

Rounded  knee-  at  the  girder  ends  met  strength,  fabrication  and  appearance  demands 
more  satisfactorily  than  straight  tapered  knee-  and  were  accordingly  approved. 
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A  study  of  welded  versus  riveted  Frames  favored  the  former  in  respect  to  weight  of 
material,  appearance  and  overall  economy. 

Field  splices  were  decided  upon  since  one  complete  span  frame  was  dimensionally  too 
large  to  be  shipped  by  rail.  High-strength  bolts  Vvere  used  for  these  field  connections. 
The  girder  and  knees  could  be  shipped  in  one  piece,  so  the  logical  location  for  each 
field  splice  was  in  the  column  just  below  the  knee-to-column  section.  Spiral  shear  con- 
nectors were  field  welded  to  the  top  flanges  of  the  girders. 

Choice  of  Alloy  Steel 

The  use  of  A  242  steel  was  analyzed  and  was  found  to  offer  two  particular  advan- 
tages.  First,  the  higher  allowable  stresses  permitted  thinner  sections  and  plate  thick- 
nesses, which  were  a  definite  aid  from  the  standpoint  of  reducing  welding  costs.  For 
the  knee,  where  most  of  the  shop  welding  was  concentrated,  A  242  steel  made  possible 
1%-in  flange  plates  (^-in  web),  as  compared  to  2-in  plates  for  ASTM  A  373-58T 
steel.  Secondly,  with  A  242  steel  the  girder  and  column  sections  required  were  36  WF 
230  and  36  WF  260,  respectively,  while  the  sections  required  for  A  373  steel  would  have 
been  36  WF  260  and  36  WF  300,  respectively. 

Preliminary  cost  studies  indicated  that  the  savings  in  material  more  than  compen- 
sated for  the  premium  paid  for  the  higher  strength  alloy  steel,  resulting  in  overall  econ- 
omy. An  additional  consideration  on  the  positive  side  was  the  increased  resistance  to 
corrosion  of  the  high-strength  steel. 

Bridge  Erection 

The  four-track  network  supported  by  the  span  required  20  supporting  frames,  five 
per  track.  Erection  sequence  had  to  be  arranged  to  reduce  disruption  of  normal  traffic 
conditions  to  a  minimum.  To  achieve  this  the  structure  was  divided  into  three  separate 
bridges,  a  center  one  carrying  east  and  westbound  tracks  and  two  side  bridges  carrying 
industrial  tracks  and  a  sidewalk. 

Reinforced  Concrete  Action 

The  columns  were  encased  in  concrete  to  a  point  above  the  knee-to-column  section. 
This  was  done  to  eliminate  the  undesirable  niches  between  the  columns  at  pedestrian  level 
which  were  considered  to  constitute  a  maintenance  problem.  The  resulting  composite 
action  stiffened  the  column  sections  to  provide  a  more  rigid  structure.  The  concrete  deck 
is  secured  to  the  girders  by  spiral  shear  connectors  to  effect  the  composite  action  for 
that  part  of  the  frame.  This  also  increases  the  stiffness  of  the  frame  and  serves  to  reduce 
live-load  stresses  and  deflections.  Another  advantage  of  the  composite  action  is  that 
separation  of  the  deck  from  the  girders  is  prevented. 

Welding  Details 

Shop  fabrication  and  welding  of  the  20  frames  was  worked  out  carefully  to  hold 
dimensional  requirements  and  to  avoid  post-welding  distortion.  Assembled  pieces  were 
clamped  down  rigidly,  and  stiffener  plates  were  welded  in  place  before  welding  up  flanges 
to  the  web  plate  on  the  knees.  As  mentioned  previously,  principal  welding  was  confined 
to  these  knee  or  haunch  sections,  since  the  center  portion  of  the  span  was  a  wide-flange 
beam  of  36  in  depth,  requiring  only  the  addition  of  a  few  stiffener  plates  at  about  8-ft 
intervals.  Stiffeners  were  omitted  on  the  outside  web  faces  of  the  two  outer  frames  on 
each  five-member  unit,  this  in  the  interest  of  appearance  and  conformance  with  Ohio 
highway  bridge  specifications. 
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Splices  between  the  knee  flange  plates  and  the  center  section  are  detailed  in  Fig.  .^. 
They  are  double-vee  joints,  connecting  the  1 ,'  4 - i n  flange  of  the  center  beam  to  the  1 ;  ( -in 

flange  of  the  knee.  Top  flange  splice  is  set  back  2  ft  from  the  bottom  flange  splice,  and 
the  web  plate  splice  is  between  them.  There  are  three  lull-depth  radialh    disposed  stiff 
ener  plates  on  each  side  at  the  corner  of  the  knee,  flanked  by   two  triangular  stiffener 
plates  18  in  deep  and  welded  to  the  web  and  bottom  flange. 

All  splices  were  X-rayed.  A  few  defects  were  found  and  were  corrected  by  arc  air 
gouging  out  and  rewelding.  Actually,  less  than  S  percent  of  all  welds  X-rayed  showed 
any  defects.  Joints  were  flame  cut  and  ground.  Stringer  passes  were  made  with  iron 
powder  type  AWS  E-7016  electrode,  as  were  fillet  welds  on  stiffener  plates.  Fill-in  passes 
were  made  with  last-travel  iron  powder  electrode,  AWS  E-6027.  All  welding  was  done 
manually. 

Assembly  procedure,  briefly,  was  to  fabricate  the  knee  in  a  jig,  usinj;  templates  to 
insure  proper  curvature;  then  to  weld  in  the  stiffeners  on  the  wide-flange  beam  center 
section,  and  then  to  hook  up  the  knee  to  the  center  section  in  the  flat  position. 

The  welding  procedure  on  the  knee  sections  was  as  follows:  (1)  fit  and  tack  stiff- 
ener tight  to  the  tension  flange;  (2)  weld  stiffener  to  the  web  starting  from  the  center 
and  working  out;  (3)  weld  stiffener  to  compression  flange;  (4)  weld  stiffener  to  tension 
flange. 

The  web  plates  were  then  welded  to  the  flange  plates.  Web  plates  were  given  a 
double  bevel  to  form  a  45-deg  joint  on  both  sides  of  the  web.  They  were  fitted  tight 
with  an  allowable  gap  of  %  in.  Once  again,  the  welding  started  in  the  center  of  the 
knee  and  progressed  outward  with  two  men  doing  the  welding.  The  compression  flange 
was  welded  to  the  web  using  fV-in  low-hydrogen  electrode  and  then  filling  in  with  J4-in 
E-6027.    The    tension    flange    was    then    welded    to    the    web    using   the   same   procedure. 

The  center  beam  span  was  a  continuous  beam  and  the  only  welding  required 
was  on  the  stiffeners.  Low-hydrogen  electrode  was  used,  first,  to  weld  stiffener  to  web 
of  beam;  second,  to  weld  stiffener  to  compression  flange;  and,  third,  to  weld  stiffener 
to  tension  flange. 

The  knee  and  center  beam  span  were  then  spliced  together.  Welding  proceeded  at 
both   ends  of   the   frame   simultaneously   duplicating  the   following  procedure  at   each   end 

(Fig.  7i. 

The  pieces  were  laid  Bat  and  the  top  and  bottom  flange  splices  were  welded  on  the 
outside  usin^r  low-hydrogen  electrode  E-7018,  welding  vertically  up.  The  web  splice 
was  then  welded  on  one  side  with  a  low-hydrogen  electrode  for  stringer  pass  and  then 
filled   in   with   E-6027. 

The  whole  section  was  then  turned  with  leys  up,  as  in  Vix.  8.  The  unwelded  side 
of  the  top  flantre  splice  was  arc  gouged  on  both  sides  of  the  web  and  welded  to  com- 
plete the  top  flange  splice.  The  top  flange  to  web  fillets,  now  in  the  horizontal  position, 
were  welded  first  on  one  side  then  are  gouged  from  the  other  side  and  completed.  E-7018 
and  E-6027  electrodes  were  used. 

The  section   was   then   laid   tlat.  again   continuing   rotation   so  that   the   unwelded   side 

of  the  web  was  now  up.  The  web  splice  was  completed  using  the  same  procedure  as 

before,    alter    an     _:oU^in«    to    good   sound    weld    metal. 

The   section    was   then    further   rotated   to   the   legs-down   position.   The   inside   of   the 
bottom    flange   spike,   now   in    the   downhand   position,   was   gOUged   ami    welded.   The   bot- 
tom flange  to  web  fillet   welds  were  also  completed,  using  the  same  procedun 
the  top. 
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'riie  flange  and  web  welds  were  all  X-rayed.  Careful  edge  preparation,  good  wcld- 
ing  procedure,  and  correct  electrode  selection  resulted  in  excellent  quality  welding. 

A  50-ton  overhead  crane  and  supplementary  S-ton  hoists  aided  in  shop  handling  of 
the  lengthy  and  heavy  frame  sections.  When  completed,  three  of  the  frames  were  placed 
on  three  railroad  cars  for  shipment  to  the  bridge  site.  Long-boom  crawler  cranes  at  the 
site  handled  unloading  and  positioning  on  the  stub  columns  for  bolting  in  place. 

Spiral  shear  connectors  are  formed  from  )4"m-diameter  plain  round  rod,  the  spirals 
having  varying  pitch  over  the  length  of  the  frame.  The  spirals  are  attached  to  the  top 
Sange  with  two  rV-in  fillet  welds  of  2y±-in,  effective  length  at  each  point  of  contact 
with  the  top  flange,  one  weld  on  each  side  of  the  bar.  Welding  was  started  at  either 
end  of  the  frame  and  progressed  toward  the  center. 

The  fabricated  frames  weigh  15.6  tons  each.  Adding  on  the  40  stub  columns,  total 
weight  of  steel  in  the  project  was  422  tons,  not  counting  railings  and  other  minor  details. 

The  foregoing  tells  briefly  why  the  Nickel  Plate  Railroad  selected  a  welded  rigid- 
frame  design  and  how  this  bridge  was  put  together.  Plate  girder  bridges  are,  however, 
more  generally  used,  especially  for  highway  bridges.  Practically  all  of  the  bridges  on 
the  new  Interstate  Highway  System  are  being  designed  as  welded  plate  girders.  The 
Bureau  of  Public  Roads  estimates  welded  construction  has  produced  steel  savings  of  28 
percent  in  comparison  to  riveted  construction. 

The  rapid  increase  in  the  number  of  welded  highway  bridges  in  the  last  few  years 
has  resulted  in  many  companies  expanding  shop  facilities  to  meet  production  require- 
ments and  incorporating  high  production  welding  processes  and  procedures  to  reduce 
manufacturing  costs. 

Fig.  15  is  a  photograph  of  Bethlehem  Steel  Company's  fabricating  shop  for  welding 
large  plate  girders.  A  full  automatic  submerged  arc  welder  can  be  seen  in  the  back- 
ground mounted  on  a  self-propelled  welding  manipulator.  Although  this  unit  is  seen 
fabricating  tanks,  it  is  also  used  to  deposit  the  long  continuous  fillet  welds  that  join 
web  and  flanges  of  girders  of  the  types  lying  and  standing  in  the  foreground. 

Further  illustration  of  high-production  girder  fabrication  is  found  in  Fig.  16.  Here 
plate  girder  parts  are  placed  in  a  welding  jig,  which  has  necessary  camber  built  in, 
then  joined  with  semi-automatic  submerged  arc  welding.  Note  that  ribs  have  been 
attached  to  these  girders  to  gain  additional  rigidity. 

(Text  continued  on  page  893) 


Fig.  1 — Four-track  bridge  on  main  line  of  Nickel  Plate  Railroad  in 
Cleveland,  Ohio,  is  believed  to  be  United  States'  first  welded  rigid-frame 
railroad  bridge. 
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Fig.  2 — Plan  and  sections  of  bridge,  comprised  of  twenty  91-ft  rigid  frames. 
Skew  angle  is  about  38  deg. 
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Fig.  3 — Drawing  of  welded  knee  showing  details  of  splices  in  top  and 
bottom  flanges  joining  knee  to  center  section  beam.  Note  web  cutouts  to 
permit  continuous  welds. 


Fig.  4 — Joint  edges  in  cut  web  plates  and  formed  flange  plates  were 
ground  to  insure  best  fit-up.  Webs  were  given  double  bevel  to  provide  100 
percent  penetration.  Note  web  template  in  background. 
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Fig.  5 — Web  and  flange  plates  were  assembled  in  this  jig  for  tack  welding. 


Fig.  6 — Assembled  knees  were  removed  from  jig  after  tacking  for  weld- 
ing of  stiffeners  and  web  to  flange  joints.  E-7018  electrodes  were  used  for 
root  passes,  and  E-6027  for  filler  plasses.  Prescribed  sequence  was  used  to 
control  distortion. 
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Fig.  7 — Knees  were  welded  to  center  section  rolled  beam  beginning  in 
this  position.  Welding  vertically  up,  top  and  bottom  flange  splices  were 
welded  on  outside.  Web  joint  was  also  welded  on  one  side. 


Fig.  8 — Assembly  was  turned  up  to  weld  inside  of  top  flange  splice  and 
both  sides  of  web  to  top  flange  joint.  Frame  was  then  rotated  around  to  flat 
position  and  then  to  legs-down  position  to  complete  all  welds. 
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Fig.  9 — Three  rail  cars  were  required  to  ship  three  frames  to  the  bridge  site. 


Fig.  10 — Frames  were  unloaded  from  cars  and  put  into  excavation  which 
was  not  completely  dug  out  to  permit  trains  to  detour  around  site.  Site  was 
prepared  with  footings  and  stub  ends  of  columns  to  receive  frames. 
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Fig.  11 — Frames  are  bolted  to  columns  which  were  covered  with  con- 
crete. Shipping  restrictions  on  height  of  leg  required  field  splice.  Each  frame 
weighed  about   15.6  tons. 
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Fig.   12 — Spiral  shear  connectors  were  welded  to  top  flanges  to  tie 
into  reinforced  concrete  deck. 


Fig.    13 — Completed   bridge   before   excavation   was   completed. 
No  stiffeners  were  used  on  outside  of  end  frames. 
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Fig.   14 — Finished  structure  has  low,  clean  lines  from  track  side. 


Fig.  15 — Bethlehem  Steel  shop  is  well  equipped  for  fabricating  large 
plate  girders.  A  full-automatic  submerged  arc  self-propelled  manipulator 
can  be  seen  in  the  background  welding.  This  installation  also  deposits  the 
fillet  welds  joining  girder  web  to  flanges. 
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Fig.  16 — High-production  girder  fabrication  incorporates  semi-automatic 
submerged  arc  equipment.  Girder  parts  are  placed  in  a  temporary  jig  which 
has  necessary  camber  built  into  it. 


Fig  17 — Shear  connectors  are  joined  to  these  girders  using  a  semi- 
automatic welder.  Connectors  and  girder  allows  bridge  to  take  advantage  of 
composite  action  of  steel  and  concrete  floor. 
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Fig.  18 — This  heavy  beam  is  being  mechanically  fabricated  with  the  sub- 
merged arc  process.  Using  high-strength  alloy  (Tj),  as  is  the  case  here, 
permits  reducing  dead  weight  to  a  minimum. 


Fig.  19 — Two  heads  welding  simultaneously  on  this  box  girder  reduce  weld- 
ing   time    and    therefore    production    costs    while    minimizing    distortion. 
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The  shear  connectors  in  Fig.  17  are  being  joined  to  the  bridge  girder  with  a  semi 
automatic  submerged  arc  welding  unit.  This  type  of  design  takes  advantage  of  the  com- 
posite action  of  concrete  Boor  and  steel  girders  to  improve  beam  strength  and  reduce 
weight. 

Material  is  an  important  factor  in  achieving  maximum  efficiency  in  bridge  design. 
T-l  alloy  steel  is  being  used  in  the  heavy  beams  in  Fig.  is  to  reduce  dead  weight  of  the 
beam  while  maintaining  the  beams'  ultimate  strength  needed  for  load  requirements. 

Finally,  the  volume  of  welding  and  production  requirements  sometimes  can  justify 
designing  complex  welding  fixtures.  Fig.  19  illustrates  a  mechanical  travel  carriage  thai 
has  been  devised  to  ride  on  the  work  while  traversing  a  full  automatic  welding  head 
along  the  joint  to  be  welded.  Using  two  such  units  chops  welding  time  in  half  and 
minimizes   beam   distortion    resulting   from   welding.    [Applause] 


Chairman  Messmax:  Mr.  Jaso,  your  presentation  has  been  most  interesting  and 
informative,   and   will   stimulate   our   future   work.   Thank  you. 

Mr.  Vice  President,  this  concludes  the  report  of  this  committee  and  my  term  as 
chairman.  I  greatly  appreciate  the  splendid  support  of  Committee  15's  members  and 
the   AREA   Board  and  staff. 

Our  new  chairman  is  C.  Xeufeld,  engineer  of  bridges,  Canadian  Pacific,  and  our 
new  vice  chairman  is  G.  VY.  Salmon,  engineer  of  bridges,  Seaboard  Air  Line.  Best 
wishes  to  them. 

Vice  President  Code:  Thank  you,  Mr.  Messman  and  your  committee,  for  another 
valuable  report,  with  its  numerous  important  recommendations  in  respect  to  our  all- 
important  Chapter  IS  in  our  Manual.  Throughout  many  parts  of  the  world  our  Associa- 
tion is  best  known  and  respected  because  of  the  valuable  chapter  which  your  committee 
sponsors  and  maintains  in  our  Manual — a  fact  which  I  am  sure  is  very  gratifying  to 
the  members  of  your  committee. 

Aside  from  your  report  this  year,  your  committee  has  made  a  valuable  contribution 
to  our  convention  program  in  the  address  of  Mr.  Jaso  with  respect  to  welded  rigid- 
frame  railroad  bridges,  and  we  want  to  thank  him  for  his  presentation. 

Mr.  Messman,  while  we  are  sorry  to  see  you  give  up  the  chairmanship  of  Com- 
mittee 15,  we  have  the  utmost  confidence  in  your  successor,  Mr.  Neufeld,  and  in  your 
new  vice  chairman,  Mr.  Salmon,  both  of  whom  have  been  diligent  workers  in  this 
Association. 

Mr.  Neufeld,  as  the  official  symbol  of  your  office  as  chairman,  I  am  pleased  to 
present  you  with  this  chairman's  gavel.   [Applause] 

Mr.  Messman,  your  committee  is  dow  excused  with  the  thanks  of  the  Association. 
[Applause] 

The  morning  session  will  now  recess,  and  the  report  of  Committee  29  will  be  the 
first   order  of  business  on  the  afternoon  agenda,  beginning  in   this  room  at    2:15   pm, 

[The  meeting  recessed  at  12  o'clock  DOOn  | 

Annual  Luncheon 

Banquet  Room 
Wednesday,   March  8,    1961 

[The   Annual   Luncheon   was  held  in   the   Banquet    Room   with  a   background  Ol 

music.  At  the  main  speaker's  table  were  s.ated  executives  of  various  railroads,  officers 
of  the  AREA  and  AAR.  and  several  special  guests.  \t  a  long  table  immediatelj  in  front 
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of  the  main  speaker's  tabic  were  scaled  (lie  chairmen  of  the  Association's  23  standing 
and  special  committees. 

After  the  Luncheon  those  assembled  sang  the  National  Anthem,  following  which 
President  Brown  introduced  those  at  the  speaker's  table  and  then  those  at  the  chair- 
men's table.  Then,  after  announcing  the  results  of  the  election  of  officers  (see  Tellers' 
Report  on  page  740),  President  Brown  introduced  the  speaker  at  the  Luncheon — Mr. 
Harry   C.   Murphy,   president,   Burlington   Lines,  with   the  following  remarks:] 

President  Brown:  The  man  I  am  about  to  introduce  is  the  logical  person  to  address 
you  this  year  as  we  assemble  here  in  this  magnificent  new  McCormick  Place,  for  if  any 
one  thing  can  be  said  to  typify  both  McCormick  Place  and  our  speaker,  it  is  vision — 
the  kind  of  vision  that  produces  important  progress. 

This  huge  exhibition  center  has  so  many  exceptional  features  that  it  can  only  be 
described  as  "the  greatest",  so  I  am  not  even  going  to  try  to  summarize  them,  except 
to  say  that  it  is  a  huge  new  showcase,  which  will  insure  Chicago's  position  as  the  leading 
convention  city  in  the  nation. 

Mr.  Harry  C.  Murphy,  president  of  the  Burlington  Lines,  with  whom  I  have  been 
associated  for  nearly  40  years,  is  a  man  who  consistently  expresses  his  faith  in  the 
future  of  our  nation  and  the  future  of  its  railroads  in  a  most  substantial  way. 

Mr.  Murphy  early  realized  the  great  significance  of  the  diesel  locomotive  and  set 
about  to  fully  dieselize  the  Burlington  System  in  order  that  it  might  fully  enjoy  the 
many  economical  advantages  of  this  form  of  motive  power.  At  a  time  when  many 
persons  thought  the  railroad  passenger  business  was  destined  to  go  the  way  of  the  Indian 
and  buffalo,  Mr.  Murphy  placed  in  service  the  Vista  Dome  Denver  Zephyr  and  has 
transmitted  his  enthusiasm  for  such  service  to  others  on  the  property,  with  the  result 
that  the  Burlington  passenger  salesmen  are  recognized  throughout  the  country  as  the 
go-getters  of  the  industry. 

Many  other  accomplishments  are  to  his  credit,  too  numerous  to  mention  here. 

Our  speaker  is  a  dedicated  student  of  the  railroad  industry  and  the  forces  which 
influence  it.  He  has  an  engineering  background,  having  gone  to  Iowa  State  College 
and  Armour  Institute  of  Technology.  His  early  years  of  railroading  found  him  spending 
his  vacations  working  on  the  section,  and  after  joining  the  Burlington  in  1914,  he  moved 
up  to  the  engineering  department  and  held  positions  as  division  engineer,  district  engi- 
neer and  engineer  maintenance  of  way.  In  1927  he  transferred  to  the  operating  depart- 
ment and  served  in  the  capacity  of  superintendent  on  a  number  of  important  divisions. 
He  was  advanced  to  assistant  vice  president,  and,  later,  vice  president  of  operations, 
until  he  was  elected  to  his  present  position  as  president  of  the  Burlington  Lines  in  1949. 

Although  in  his  present  position  he  oversees  all  of  the  railroad's  activities,  Mr.  Mur- 
phy continues  to  take  a  keen  interest  in  maintenance  and  improvements  of  roadway  and 
structures. 

He  was  awarded  an  honorary  Doctor  of  Engineering  degree  at  Iowa  State  College 
in  1951  and  has  contributed  to  the  advancement  of  the  profession  as  a  member  of  the 
American  Railway  Engineering  Association  and  a  trustee  of  the  Illinois  Institute  of 
Technology. 

It  is  my  pleasure  to  present  to  you  Mr.  Harry  C.  Murphy,  president  of  the 
Burlington  Lines. 
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The  Railroads  Look  to  the  Future 
By  H.  C.   Murphy 

President,    Burlington   Lines 

Mr.  President,  distinguished  guests,  officers  and  members  of  the  AREA,  ladies  and 
gentlemen: 

It  is  a  privilege  and  an  honor  to  speak  to  you  today.  I  have  chosen  for  my  sub- 
ject, "The  Railroads  Look  to  the  Future" — a  choice  influenced  by  the  fact  that  it  is 
easier  to  speak   with   optimism  about  the  future  than  of  the  present. 

When  we  look  to  the  future  of  the  railroads  one  may  ask  "What  kind  of  a  future?" 
Does  it  envision  continued  operation  of  our  industry  as  an  important  and  integral  part 
of  private  enterprise,  or  does  it  face  eventual  nationalization?  If  I  thought  nationaliza- 
tion was  inevitable.  I  would  be  wasting  your  time  in  speaking  to  you  today.  But  I  do 
not    believe    it    is,    despite    the    many   adverse    factors   presently    plaguing   the    industry. 

I  am  not  talking  about  the  recession — the  level  of  business  in  a  free  enterprise 
system  always  has  been,  and  probably  always  will  be,  subject  to  periodic  ups  and 
downs.  The  alternative  to  these  fluctuations  is  a  controlled  economy,  which  I  believe 
to  be  the  greater  of  several  evils. 

It  must  be  remembered  that  up  to  a  few  years  ago,  we  were  still  enjoying  the 
longest  sustained  boom  in  our  history — But  it  was  inevitable  there  would  be  a  leveling 
off,  for  not  all  segments  of  the  economy,  either  by  industry  or  geographic  location, 
expanded  uniformly. 

One  of  the  penalties  of  an  expanding  economy — especially  one  of  boom  propor- 
tions— is  that  internal  stresses  are  set  up  that  sooner  or  later  must  be  normalized.  Hence, 
in  due  time  there  is  a  leveling  off  to  allow  time  for  the  economy  to  consolidate  its  gains 
on  a  firm  foundation  and  be  ready  to  move  along  to  the  next  higher  plateau.  I  believe 
that  is  the  sort  of  a  situation  we  are  in  now,  and  that  eventually  we  will  work  out  of 
it — we  always  have  in   the  past. 

Just  as  I  have  faith  in  the  future  of  our  national  economy,  so  also  do  I  have  faith 
in  the  long-range  future  of  the  railroads  if  for  no  other  reason  than  there  seems  to  be 
a  growing  appreciation  of  the  importance  of  the  railroad  industry  in  the  minds  of  the 
public.  Government  officials,  and  others  who  are,  and  should  be,  vitally  concerned. 

This  understanding  and  appreciation  of  the  importance  of  the  railroads  has  been 
a  long  time  developing. 

I  remember  one  of  the  first  and  most  penetrating  of  a  series  of  Government  studies 
of  the  problem  of  the  railroads  was  made  in  1933,  under  the  direction  of  the  Brookings 
Institution.  It  was  signed  by  Ex-P resident  Calvin  Coolidge  as  chairman,  along  with 
Ex-Governor  Alfred  E.  Smith.  Bernard  Baruch,  Alexander  Legge — all  men  of  great 
integrity  and  highly  regarded  by  the  public. 

This  report  was  followed  by  many  others,  including  the  Cabinet  Committee  Report 
in  1955,  the  Mueller  Report  in  1960.  and  the  more  recent  report  of  the  SO-called  Doyle 
Committee,  acting  under  the  auspice:  ol  the  United  State-  Senate.  All  of  these  reports 
highlighted  the  difficulties  besetting  the  industrj  at  the  time  (many  of  them  of  a  type 
presently  besetting  the  industry)  and  proposed  remedial  action,  but  for  the  most  part 
the  recommendations  oi  each  successive  report  have  been  ignored. 

Truly,  it  lias  been  said  that  the  railroads  have  been  studied  almost  i,,  death,  and, 
in  a  sense,  this  is  true.  But  I  see  ;i  brighter  side  iii  the  fact  that,  with  each  successive 
study,  public  appreciation  appears  to  have  increased  to  some  extent.  We  ma>    be  ap 

proaching  the   point    where   action,   rather   than   more   wordy   reports,   may   be  anticipated, 
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As  a  sort  of  background  for  later  comment,  I  refer  to  a  recent  address  before  the 
Pittsburgh  Traffic  Club  by  the  former  Secretary  of  Commerce,  Frederick  H.  Mueller. 
He  spoke  as  a  private  citizen — not  as  Secretary  of  Commerce.  Here  are  a  few  of  his 
colorful  remarks: 

"Although  complete  statistics  are  not  available — transportation  expenditures  prob- 
ably exceeded  one-fifth  of  the  Gross  National  Product,  and  comprised  one  of  the  largest 
elements  of  the  total  value  of  goods  and  services. 

*  *  * 

"The  profit  motive  has  been  sneered  at  .  .  Healthy  competition  has  been  hog-tied. 
The  pricing  freedom  of  carriers  has  been  restricted. 

"Modern  America  does  not  want  any  more  of  these  regressive  attitudes. 

*  *  * 

".  .  .  transportation  too  long  has  been  a  'guinea  pig'  for  business-baiting  star  gazers. 

*  *  * 

"I  was  convinced — and  still  am  convinced — that  the  hope  of  transportation  in 
America  is  to  place  increasing  reliance  on  the  imaginative  brains  of  private  enterprise 
and  less  dependence  on  stagnant  thinking  of  habit-bound  regulatory  diehards  and  their 
back-seat  driving  theorists. 

"A  free  country  needs  more  freedom  in  transportation,  if  it  is  to  stay  strong  enough 
to  save  world  freedom. 

"So,  I  repeat,  the  cure  is  not  more  surrender  to  bureaucratic  whiz-kids  but  more 
reliance  on  the  free  market  choice  of  private  competitive  business." 

I  am  sure  that  all  of  us  agree  with   the  sound  opinions  expressed  by   Secretary 
Mueller. 

The  Secretary  then  listed  nine  goals  to  be  sought  before  the  1960-70  decade  ends — 
they  are 

Goal  1.  "Adequate  capacity.  Our  transportation  system  should  be  able  to  handle 
the  growing  future  needs  of  peacetime  domestic  and  international  commerce,  and  of 
defense  in  possible  wars. 

Comment:  So  far  as  the  railroads  are  concerned,  we  already  have  the  capacity  and 
ability  to  handle  a  large  increase  in  traffic.  The  capacity  of  our  physical  plant  is  more 
than  adequate  now,  and,  with  fair  treatment  from  Government,  we  can  keep  it  so. 

What  we  desperately  need  is  more  business — a  reversal  of  the  downward  trend, 
percentage-wise,  of  the  Nation's  total  inter-city  ton  miles. 

Based  on  our  experience,  which  I  doubt  differs  much  from  that  of  most  railroads, 
we  could  handle  a  15-20  per  cent  increase  in  freight  business  with  virtually  no  addi- 
tional train  miles,  and  little  additional  cost,  except  for  car  hire. 

But  we  can  do  even  more — having  in  mind  the  flexibility  of  the  industry's  physical 
plant  and  the  ease  with  which  it  accommodates  itself  to  substantial  fluctuations  in 
traffic— it  is  my  considered  judgment  that  the  railroads  could  handle  a  third  more 
revenue  ton  miles  with  less  than  a  proportionate  percentage  increase  in  freight  train 
miles;  with  but  a  nominal  increase  in  car  hire;  but  perhaps  some  further  investment  in 
freight  train  cars. 

THERE  IS  NOTHING  WRONG  WITH  THE  INDUSTRY  THAT  ADDITIONAL 
BUSINESS  WOULD  NOT  CORRECT. 

Goal  2.  "Low  cost.  Transportation  should  be  provided  at  the  lowest  reasonable  total 
cost  to  the  national  economy. 

Comment:  We  of  the  railroad  industry  heartily  endorse  this  statement.  With  the 
possible  exception  of  pipe  lines  and  ocean  shipping,  the  steel  wheel  on  the  steel  rail  can 


Address   of   H.    C.   Murphy 897 

provide   mass   transportation   at    a    lower    true   economic   COSt    than    any    other    mode    ol 
transport — and  we  should  be  allowed  to  prove  it. 

Goal  3.  "Low  rates.  Shippers  and  travelers  should  pay  the  lowest  possible  raits 
consistent  with  reasonable  carrier  costs  and  profits. 

Comment:  This  is  the  essence  of  railroad  policy.  A  railroad  passenger  can  still  ride 
a  mile  for  about  3  cents — during  the  five  years  1926-1930,  average  passenger-mile 
revenue  was  2.85  cents.  Can  any  other  service  organization  boast  such  a  slight  (percent) 
increase  in  its  charges  over  such  a  long  period  of  time? 

And,  of  course,  in  the  interest  of  encouraging  rail  passenger  travel  the  10-percent 
excise  tax  should  be  removed.  The  purpose  of  the  tax  was  to  discourage  unnecessary 
travel  during  war  years.  That  era  and  the  need  has  long  since  passed  but  the  tax 
remains  to  accomplish  the  same  result — the  discouragement  of  rail  passenger  travel. 

Presently  a  ton  of  freight  is  moved  one  mile  on  the  railroads,  at  an  average  charge 
of  less  than  a  penny  and  a  half.  During  1926-1930,  the  charge  was  1.07  cents.  Ton 
mile  revenue  has  thus  increased  less  than  50  percent,  while  wage  and  material  costs  for 
the  same  period  are  about  300  percent  higher. 

But  this  is  not  the  whole  story.  For  years  the  railroads  have  been  striving  to  give 
the  public  lower  rates,  under  new  concepts  of  rate  making  but,  all  too  frequently,  these 
efforts  have  been   frustrated  by   Government. 

Just  10  days  ago  the  Interstate  Commerce  Commission  rejected  an  effort  by  the 
New  York  Central  to  reduce  rates  on  rugs  and  carpeting  from  Amsterdam,  X.  Y.,  to 
Chicago.  The  tariff  provided  that  the  reduced  rates  would  apply  if  and  when  the  shipper 
agreed,  for  a  period  of  one  year,  to  move  at  least  80  percent  of  its  rug  shipments  to 
Chicago  over  the  "Central."  The  reduced  rate  was  admittedly  compensatory.  Not  too 
long  ago,  all  of  this  traffic  moved  by  rail,  but  between  1955  and  1958  the  carrier's  par- 
ticipation in  this  business  suffered  a  serious  decline.  When  the  "Central"  sought  to 
recover  some  of  the  business  by  a  constructive  innovation  in  rate  making — the  Inter- 
state Commerce  Commission,  upon  protest  of  truck  and  water  carriers,  decided  that 
this  kind  of  self-help  should  not  be  permitted. 

However,  two  Commissioner-.  Messrs.  Freas  and  Herring,  wrote  an  excellent  dis- 
senting opinion  in  which  they  pointed  out  that  the  Commission  has  "exhorted  carrier 
management  to  consider  carefully  the  matter  of  their  transportation  pricing  practices"; 
expressed  the  view  that  the  findings  of  the  majority  were  unsupported  b\  the  law  and 
the  evidence;  and  suggested  that   the  reduced  rate  was  at  least  entitled  to  a  further  trial. 

But  the  will  of  the  majorit)  prevailed,  and  the  ICC  frustrated — temporarily  at 
least — another  effort   by  the  railroads  to  provide  lower  rates  for  their  shippers. 

Goal  4.  "Customer  choice.    The   public   should  be  able  to   make  free  eemimiiii    chotCCi 

to  meet  its  transportation  needs. 

Comment:  Again  the  railroad  industry  concurs  in  Secretary  Mueller's  statement. 
But  all  too  frequently  the  public  is  denied  a  free  choice  bj  Government  edict.  Were  the 

rug   manufacturers   given   a    free   choice?   Of   course   not.   otherwise   they    would    ha\ 
turned    to    the    railroads   at    least    80    percent    of    their    rug    shipments    to    Chicago.    The 
shipper    would    thus    have    reduced    his    costs;    the    railroad    would    have    earned    a    profit 

which  it  could  not   otherwise  enjoy.   Undoubtedly   it   would  have  brought   back   some 
of  the  traffic  to  the  railroads  from  which  it  had  been  taken  away.  However,  tin    l(  ( 
decision  (contrary   to  what   I  believe  was  the  intent  of  the  Congress)  deprived  the  rail 
road  and  the  shipper  of  the  inherent  advantages  of  low  cost  rail  transportation 
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Another  threat  to  free  choice  is  the  suggested  penalty  charge  of  $5  on  each  trailer 
loaded  for  railroad  piggy-back  service— which,  of  course,  would  be  borne  ultimately  by 
the  shipper-user  of  that  service.  This  denial  of  free  choice  is  not  yet  an  actuality  since 
imposition  of  the  penalty  has  been  deferred  until  February  1,  1962.  But  it  seems  incon- 
ceivable that  the  public,  the  ICC,  and  the  courts,  will  take  this  threat  lying  down. 
However,  the  fact  the  threat  exists  is  evidence  that  the  public's  "free  choice"  is  often 
an  illusion. 

Goal  5.  "Carrier  initiative  and  health.  Carriers  should  be  able  to  use  maximum 
individual  initiative  to  improve  the  technical  means  of  giving  customers  better  and 
cheaper  transportation,  and  should  be  afforded  the  opportunity  to  realize  adequate 
profits  for  the  nourishment  of  effective  service  and  continuing  development  of  tech- 
nological innovation. 

Comment:  Surely  no  one  can  quarrel  with  this  statement.  It  is  perhaps  sufficient 
to  say  that  the  railroads  have  demonstrated  remarkable  initiative  in  the  development 
and  adoption  of  technological  innovations,  and  in  new  techniques  of  rate  making.  But 
what  we  need  is  more  cooperation  from  Government  to  the  end  that  the  fruits  of  our 
initiative  and  ingenuity  may  be  permitted  to  produce  more  traffic ;  more  black  figures 
in  the  income  account ;  and  better  service  to  the  public  at  lower  cost. 

Goal  6.  "Federal  neutrality.  Federal  policies  must  be  neutral  between  competing 
carriers.  No  carrier  group  should  get  unfair  advantage  through  Federal  promotion,  regu- 
lation, user  charge,  subsidy,  procurement,  taxation,  or  routing  of  Federal  traffic. 

Comment:  This  is  a  most  comprehensive  statement  of  policy,  with  which  the  rail- 
road industry,  I  am  sure,  is  in  complete  agreement.  But  we  need  more  neutrality,  and 
more  equitable  treatment,  at  the  hands  of  state  and  local  governments  as  well.  You 
know  that,  in  connection  with  pensions  and  unemployment  insurance,  the  railroads 
have  been  singled  out  for  much  more  oppressive  and  costly  treatment  than  is  provided 
under  Social  Security  for  other  segments  of  the  American  economy.  But  you  may  not 
know  of  the  gross  discrimination  against  railroads  in  assessment  of  state  and  local 
property  taxes.  Burlington's  ad  valorem  property  taxes  last  year  (in  addition,  of  course, 
to  Federal  income  taxes,  excise  taxes,  etc.)  were  almost  equal  to  our  total  net  income 
($12,493,137)  during  that  year.  When  property  taxes  on  one's  business  is  more  than 
90  percent  of  net  income,  certainly  one  may  be  excused  for  registering  some  objection — 
and  one  might  even  become  quite  vociferous  if  he  could  show,  as  we  can  in  many  States, 
that,  in  relation  to  fair  value  established  by  recorded  deeds,  etc.,  our  property  tax 
assessment  is  almost  twice  as  high  as  the  assessments  against  the  average  property  owner 
in  the  state.  As  Ex-Commissioner  Mueller  suggests — the  railroads  need  more  equitable 
treatment  at  the  hands  of  our  Federal  Government,  but,  I  repeat,  this  need  exists  also 
with  respect  to  property  taxes  assessed  by  our  state  and  local  governments. 

Goal  7.  "User  charges.  Users  who  benefit  directly  from  Federal  facilities  should,  in 
the  long  run,  pay  their  full  fair  share  of  the  cost  of  building  and  operating  them. 

Comment:  This  statement  is  so  sound  as  to  be  almost  axiomatic — although  I  do  not 
like  the  phrase  "in  the  long  run."  If  concrete  affirmative  action  in  this  field  does  not 
occur  soon,  the  run  may  be  too  long  for  the  self-supporting  railroads.  But  there  are 
glimmers  of  hope  on  the  horizon.  I  have  quoted  the  conclusions  of  the  Mueller  Report. 
Similar  recommendations  appear  in  the  report  of  the  Doyle  Committee  and  in  comments 
by  the  Bureau  of  the  Budget. 
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And  of  particular  significance,  I  think,  was  President    Kennedy's  message  i"  Con 
gress,   March    1,  concerning  the  Federal   highway   program. 

The  President  pointed  out  that  the  multi-billion  dollar  interstate  highway  program 

is  in  deep  financial  trouble,  and  that  additional  taxes  must  be  assessed  it  we  are  to 
avoid  a  "stretch-out"  or  a  "cutback"  of  the  10-year  program.  Like  Mr.  Eisenhower, 
President  Kennedy  favors  continuance  of  the  present  program,  on  a  pay-as-you-go  basis, 
but  he  does  not  favor  further  tax  burdens  on  the  general  consumer  or  the  private  motor- 
ist. Instead,  he  made  it  clear  that  he  prefers — and  I  quote — "A  fairer  allocation  of  the 
burden  among  those  who  use  the  highways."  The  President  said  almost  all  the  revenues 
from  his  proposed  tax  increases,  except  those  brought  in  by  extending  the  additional 
1-cent  tax  on  gasoline,  will  come  "from  heavier  trucks  that  use  diesel  fuel  and  weigh 
over  26,000  lb  when  loaded."  He  went  on  to  say — and  this  is  most  significant; 

"This  is  only  fair;  indeed,  technical  experts  in  the  Bureau  of  Public  Roads  advise 
me  that  even  this  increase  would  not  charge  heavy  trucks  their  fair  share  of  the  cost 
of  this  program." 

Note:   Details  of  President's  highway  tax  program: 
Retain  existing  gas  tax  of  4  cents  per  gal ; 
Increase  diesel  fuel  tax  from  4  cents  to  7  cents  per  gal ; 
Increase   heavy    truck   license   fees    (26,000   lb   and    over)    from    $1.50   to   $5   per 

1000  lb; 
Increase  tire  tax  from  8  cents  to  10  cents  per  lb ; 
Increase  tube  tax  from  3  cents  to  10  cents  per  lb. 

These  are  not  the  anguished  cries  of  the  railroad  industry.  They  are  carefully  con- 
sidered statements  by  the  President  of  the  United  States,  supported  by  the  Federal 
Bureau  of  Public  Roads. 

With  respect  to  waterway  traffic,  it  is  encouraging  to  note  that  Congressman  Van 
Zandt  of  Pennsylvania  has  introduced  a  bill  (H.R.  586)  to  authorize  fair  and  reasonable 
charges  for  use  of  inland  waterway  navigational  improvements  constructed,  maintained 
or  operated  with  Federal  funds.  When  the  bill  was  introduced,  Congressman  Van  Zandt 
said: 

"This  is  not  a  railroad  relief  bill;  it  is  a  bill  for  relief  of  the  American  taxpayer 
and  relief  of  the  Nation's  transportation  economy.  When  I  am  suggesting  is  that  a 
major  step  be  taken,  by  means  of  the  waterway  user  charge  bill,  toward  a  sound  fiscal 
and  transportation  policy.  If  this  could  be  done,  three  major  beneficial  effects  would 
inevitably  follow.  First,  the  transportation  facilities  of  the  Nation  would  more  and  more 
tend  to  be  used  on  the  basis  of  their  economic  value  to  the  Nation,  since  the  true  tost 
of  transportation  services  would  more  nearly  be  reflected  in  their  price.  Second,  the 
already  overburdened  taxpayer  would  no  longer  be  compelled  to  contribute  millions 
of  dollars  of  capital  to  be  put  to  use  by  others  for  commercial  gain.  Third,  the  Federal 
Treasury  would  be  reimbursed  by  those  profiting  from  the  public  expenditures." 

Thus  it  appears  that,  with  respect  to  both  truck  and  barge  transportation,  concrete 
constructive   action    finally    looms   on   the   horizon.   The   sound   concept    ot    user  charges   i- 

on  its  way  to  adoption. 

Goal  8.  "Subsidies.  Subsidies   to  carriers  should  in   the  long  run  he  reduced  and 

eliminated. 

The  existence  of  Federal  subsidies  to  commercial  users  of  highways,  waterways  and 
airways  is  no  longer  open  to  question  (except  perhaps  a-  to  degra  I    and  ever)   thought- 
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ful    student    of    transportation    knows    that    these    subsidies    should    be    "reduced    and 
eliminated." 

I  have  already  called  your  attention  to  some  recent  important  steps  in  this  direc- 
tion, but  I  want  to  mention  two  additional  points.  First,  with  respect  to  the  amount 
of  such  subsidies  and  the  correct  approach  to  their  elimination:  It  has  been  estimated 
(by  AAR)  that  Government  expenditures  for  domestic  transportation  through  1960 
amount  to  almost  $160  billion,  of  which  more  than  one-third  was  spent  during  the 
past  six  years — and  the  trend  has  been  upward  in  each  of  those  years.  This  computation 
includes  construction,  operation  and  maintenance  costs,  but  the  total,  in  any  event,  is 
so  large  as  to  defy  comprehension.  Perhaps  its  magnitude  can  be  judged  by  the  fact 
that  the  net  private  investment  in  the  railroad  industry  is  only  about  $27.5  billion — a 
figure  which  represents  about  17  percent  of  the  Government's  expenditures  on  facilities 
used  by  our  competitors.  If  justice  is  to  prevail,  commercial  users  of  these  properties 
should  pay  interest  and  depreciation  on  a  reasonable  proportion  of  this  capital  invest- 
ment, plus  a  proper  part  of  maintenance  costs. 

Finally,  just  a  word  about  the  railroad  land  grants,  which  sometimes  are  cited  by 
selfish  interests  as  a  reason  for  continuing  subsidies  to  our  competitors.  This  myth  dies 
hard,  but  the  fact  is — as  most  of  you  know — that  the  land  grants  are  a  contractual 
agreement  under  which  the  railroads  paid  back  to  the  Government,  in  the  form  of  special 
reduced  rates  on  Government  traffic,  just  about  10  times  the  value  of  the  grants.  This 
was  one  of  the  best  bargains  ever  made  by  shrewd  old  Uncle  Sam. 

Goal  9.  "Federal  economic  regulation.  Rules  must  ultimately  be  equitable  for  all 
carriers.  Federal  regulatory  philosophy  must  have  a  factual  basis  to  achieve  uniformity 
of  policy. 

Comment:  This  sound  statement  of  public  policy  cannot  be  successfully  challenged 
by  anyone,  but  in  actual  practice  it  is  often  violated  or  disregarded — for  example: 

Railroads  cannot  engage  in  truck,  barge  or  air  transportation  under  the  same  tests 
and  ground  rules  which  apply  to  other  applicants. 

Truck  operators  (as  to  many  agricultural  commodities)  and  waterway  operators 
(as  to  much  bulk  traffic)  are  free  of  economic  regulation  which  still  applies,  with  depres- 
sive force,  to  the  railroads. 

The  so-called  "commodities  clause"  which,  generally  speaking,  forbids  ownership  by 
a  carrier  of  property  which  it  transports,  applies  only  to  the  railroads  and  to  no  other 
form  of  transportation. 

The  so-called  "long  and  short  haul  clause" — which  is  a  relic  of  the  horse-and-buggy 
days,  and  operates  as  a  handicap  upon  progressive  rate-making — applies  only  to  the 
railroads  and  to  no  other  form  of  transportation. 

Clearly,  it  would  seem  the  rules  of  the  game  must  be  changed  to  give  each  player 
an  equal  chance  to  score.  Artificial  handicaps  which  now  hamper  the  railroads  either 
should  be  removed  or  extended  to  other  modes  of  transport — that  is  all  we  ask.  For- 
tunately, this  sound  philosophy  appears  to  be  gaining  new  adherents  every  day. 

I  have  mentioned  some  of  the  facts  which  conflict  with  the  sound  theories  which 
have  been  stated,  repeatedly,  by  outstanding  students  of  transportation,  both  in  Gov- 
ernment and  in  industry.  I  did  so,  not  because  I  think  you  need  to  be  reminded  of 
them,  but  because  I  hope  they  foreshadow  concrete  action  which  will  produce  spec- 
tacular benefits  not  only  for  the  railroads,  but  for  their  patrons  and  the  entire  economy. 
When  we  consider  that  Congress  in  recent  years  has  shown  a  more  active  interest  in 
equitable  economic  regulation,  and  the  fact  that  several  states  are  taking  steps  toward 
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less  oppressive  property   taxation  of  the  railroads — I  submit  that   we  can   look   to  the 
future  with  greater  optimism  than  ha.s  been  possible  for  many  years. 
This  viewpoint  is  strengthened  tremendously  by 

(1)  the  inherent   cost  advantages  of   the   railroads,  including   their   unique  ability 
to  handle  a  large  increase  in  traffic  volume  with  but  slight  increases  in  costs; 

(2)  the  dynamic  and  progressive  attitudes  within  the  industry  which  have  led  to 

(a)  new  concepts  of  service  (piggyback), 

(b)  new  concepts  of  rate-making  (train  load,  multiple-car,  volume,  and  con- 
tract rates, 

and  a  new  aggressive  faith  within  the  industry  that  finally,  and  at  long  last,  the  rail- 
roads may  be  permitted  to  give  their  patrons  the  improved  low-cost  service  they  are 
ready,  willing  and  able  to  provide. 

The  full  potential  of  our  industry,  if  we  are  permitted  to  bring  it  fully  to  bear  on 
our  problems,  stimulate  and  excite  the  imagination. 

The  railroad  industry  rightfully  places  great  reliance  on  the  group  attending  this 
60th  Annual  Convention  of  the  American  Railway  Engineering  Association.  You  will, 
I  am  sure,  do  your  part  in  what  must  be  done,  namely,  acquaint  yourself  with  the 
facts  and  needs  of  our  industry,  and  convey  this  information  to  others  at  every  avail- 
able opportunity.  The  sense  of  fair  play  is  a  strong  part  of  the  makeup  of  most  Ameri- 
cans. Once  they  truly  understand  the  inequities  of  today's  transportation  policy,  they 
will  demand  and  support  the  legislative  and  executive  action  which  is  needed  to  restore 
our  industry  to  financial  health,  and  permit  it  to  give  ever  better  service,  at  lower  unit 
costs,  which  ultimately  will  be  reflected  in  the  charges  for  our  service. 

In  this  fact  lies  the  bright  hope  and  promise  of  our  great  industry.  I  thank  you. 
[Applause] 


President  Brown:  Thank  you,  Mr.  Murphy,  for  a  very  inspiring  address,  and 
knowing  how  busy  you  are,  we  are  indebted  to  you  for  taking  time  out  of  your  schedule 
to  be  with  us  on  this  occasion. 

We  hope,  with  time  permitting,  that  you  and  our  other  guests  might  find  time  to  sit 
in  on  some  of  our  remaining  sessions,  and  we  recommend  to  you,  as  well  as  the  others 
present  here,  the  NRAA  exhibit,  which  is  in  the  space  above  this  meeting  room.  I  am 
sure  that  any  time  spent  here  will  be  well  worth  while. 

Afternoon  Session,  March  8,   1961 
[The  meeting  reconvened  at  2:30  pm,  Vice  President  R.  H.  Beeder  presiding.] 
Vice  President   Beeder:    Will  the  meeting  please  come  to   order.  We  still   have  a 
long  program  ahead  of  us  today,  and  it  is  essential  that  we  begin  immediately. 

It  is  important   that  each   committee  adhere  strictly   to  its  time  schedule,   allowing 
a    few   minutes   for   comments  or  discussion   from   the   floor.  For  reasons   that    wen    ex 
plained  at  our  morning  session,  it  will  be  possible  to  invite  to  tin-  speaker's  table  onlj 
the   chairman,   vice   chairman,  secretary  and  subcommittee   chairmen   of   the   committees 
who  are   to   report    this  afternoon.   We   regret   this  very  much,  but   feel   certain   the   >"m 
mittee  involved  will  accept  this  situation  under  the  circumstances. 
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Discussion  on  Waterproofing 
[For  report  see  Bulletin  561,  pp.  419-430.] 

[Vice  President  Beeder  presiding.] 

Vice  President  Beeder:  Our  first  committee  to  report  this  afternoon  will  be  Com- 
mittee 29 — Waterproofing.  The  chairman  of  this  committee  is  E.  A.  Johnson,  engineer 
of  bridges,  Illinois  Central  Railroad.  I  will  be  pleased  if  Mr.  Johnson,  the  vice  chairman 
of  this  committee,  and  all  of  the  subcommittee  chairmen  will  come  to  the  speaker's  table 
and  present  their  report  at  this  time.  Mr.  Johnson. 

Chairman  E.  A.  Johnson:  Mr.  Chairman,  members  and  guests  of  the  Association: 

The  report  of  Committee  29 — Waterproofing,  will  be  found  in  the  December  1960 
Bulletin  561. 

During  this  past  year  there  has  been  an  increased  interest  in  the  work  of  this  com- 
mittee as  evidenced  by  the  admittance  of  six  new  members.  Applications  for  two  others 
were   withdrawn   when   it   was  determined   that   this  committee  would  be  discontinued. 

Your  comments,  suggestions  and  criticisms  of  our  report  are  solicited. 

Assignment   1 — Revision  of  Manual. 

Chairman  Johnson:  The  report  on  Assignment  1  will  be  presented  by  Subcom- 
mittee Chairman  R.  J.  Brueske,  assistant  division  engineer,  Chicago,  Milwaukee,  St. 
Paul  &  Pacific  Railroad. 

R.  J.  Brueske:   Mr.  Vice  President,  fellow  members,  and  guests: 

During  the  past  year,  your  committee  reviewed  Part  1 — Principles  Governing  the 
Waterproofing  and  Dampproofing  of  Railway  Structures,  and  Part  4 — Specifications  for 
Waterproofing  Coatings  for  Exposed  Concrete  Surfaces,  of  Chapter  29  of  the  Manual. 

We  found  Part  4  to  be  inconsistent  in  style  with  the  balance  of  our  Manual  mate- 
rial; therefore,  we  have  completely  reorganized  the  material  in  Part  4  to  make  it  similar 
in  style  to  the  balance  of  the  chapter. 

We  are  recommending  the  reapproval  of  Part  1  without  change.  This  recommenda- 
tion, and  the  proposed  changes  to  Part  4  appear  on  pages  420  to  424  of  Bulletin  561. 

Mr.  Vice  President,  I  move  that  Part  1  of  Chapter  29  of  the  Manual  be  reapproved 
without  change. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Vice  President,  I  also  move  the  adoption  of  the  revised  Specifications  for 
Waterproofing  Coatings  for  Exposed  Concrete  Surfaces,  Part  4,  Chapter  29,  as  printed 
on  pages  420  to  424  of  Bulletin  561,  with  the  following  editorial  corrections:  On  page 
421  change  "B.  Acceptance  Test"  to  read  "B.  Acceptance  Tests."  On  page  423,  Art.  5b, 
change   the   reference   to   Art.  3d   to   Art.  3e  in   both   the   second  and   third   paragraphs. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  2 — Waterproofing  Membranes  for  Bridge  Decks,  Col- 
laborating with  Committees  8  and  15. 

Chairman  Johnson:  The  report  on  Assignment  2  will  be  presented  by  Subcom- 
mittee Chairman  E.  T.  Franzen,  engineer  of  bridges,  Chicago,  Rock  Island  &  Pacific 
Railroad. 

E.  T.  Franzen:   Mr.  Vice  President,  fellow  members  and  guests: 

In  the  last  year  your  committee  has  completed  tests  of  waterproofing  membranes 
and  materials  and  has  rewritten  the  Specifications  for  Membrane  Waterproofing,  Part  2, 
Chapter  29. 


Discussion 90.< 

The  report  published  in  Bulletin  559  entitled  "The  Ability  of  Various  Waterproofing 
Membranes  to  Bridge  Cracks  that  Might  Develop  in  the  Concrete  on  which  They  Are 
Applied"  covers  the  testing  of  membranes  and  materials  at  the  AAR  laboratory.  Results 
of  this  testing  program  have  been  incorporated  in  rewriting  the  Specifications  for  Mem- 
brane Waterproofing. 

The  revised  specifications  have  been  published  in  Bulletin  561.  With  one  minor 
revision,  they  are  now  submitted  with  the  recommendation  that  they  be  adopted  and 
published  in  the  Manual. 

Mr.  Chairman,  I  move  the  adoption  of  the  revised  Specifications  for  Membrane 
Waterproofing  as  published  on  pages  424  through  430  of  Bulletin  561  with  the  follow- 
ing editorial  change:  on  page  427  change  the  last  word  of  Art.  8b  from  "materials" 
to  "material." 

[The  motion  was  duly   seconded,  was  put  to  a   vote,  and  carried.] 

Chairman  Johnson:   I  want  you  to  know  the  chairmen  of  the  subcommittees  not 

reporting   at    this   convention.    Will   each   chairman   stand   and   be   recognized   as   I   call 

his  name. 

W.  P.  Hendrix,  engineer  bridges  and  buildings,  Pennsylvania  Railroad,  chairman 
of  Subcommittee  3 — Coatings  for  Dampproofing  Railway  Structures. 

W.  H.  Acker,  Jr.,  structural  engineer,  Alfred  Benesch  and  Company,  chairman  of 
Subcommittee  4 — Protective  Cover  and  Underlayment  for  Membrane. 

J.  M.  Gilmore,  methods  engineer,  bridges  and  buildings,  New  York  Central  System, 
Chairman  of  Subcommittee  5 — Investigate  the  Waterproofing  Qualities  of  Epoxy  Resins 
and  Related  Materials. 

Thank  you  very  much,  gentlemen. 

Mr.  Vice  President,  this  is  the  final  report  of  Committee  29  before  an  AREA  con- 
vention. By  action  of  the  Board,  at  the  close  of  this  1961  convention  Committee  29 
will  be  discontinued  and  its  assignments  absorbed  by  Committee  8. 

This  action  was  based  on  the  desire  of  the  Board  to  streamline  committees  and  to 
effect  economies  by  reducing  traveling  expenses  and  off-the-job  time  of  members. 

On  notification  of  the  action  contemplated  by  the  Executive  Committee,  the  rail- 
road members  of  this  committee  were  polled  for  their  opinion,  and  it  was  the  consensus 
that  if  this  action  would  produce  the  economies  anticipated  they  would  offer  DO  objo 
tion,  but  rather  recommend  that  action  be  taken.  It  was  the  further  feeling  lli.it  there 
would  be  a  loss  in  efficiency  and  effectiveness  by  this  transfer — but  that  is  a  matter  mi 
to  be  determined. 

This  action  could  not  have  been  taken  at  a  more  opportune  time,  as  with  mum 
earlier  approval  for  publication  in  the  Manual  of  revisions  of  the  specifications,  it  i-  out 
opinion  that  the  waterproofing  specifications  have  now  been  modernized  and  arc  tin 
best  possible. 

Nevertheless,  at  the  last  committee  meeting  additional  materials  were  brought  t<> 
the  attention  of  the  group  that  will  carry  on  as  a  subcommittee  ol  Committee  8 — 
Masonry. 

Waterproofing  may  be  only  a  --mall  percentage  of  the  total  cosl  oi  a  new  structure, 
but  if  the  best  job  is  not  done  the  cosl   ol   repairs  i-  very  high. 

This  presentation  completes  mj  three-year  term  as  committee  chairman.  The  work 
will  now  be  carried  forward  by  present  Vice  Chairman  Robert  Brueske  as  chairman  ol 
the  new  Subcommittee  on  Waterproofing  ol   Committer 

My  job  as  chairman   has  been   stimulating  and   rewarding,  and    I    want    to  thank   the 
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subcommittee  chairmen  and  members  for  their  valued  cooperation  and  active  assistance; 
also,  Secretary  Howard  and  his  staff  for  their  help  and  counsel. 

I  wish  also  to  express  my  appreciation  to  Mr.  Magee's  staff  at  the  AAR  Laboratory, 
with  special  thanks  to  Freeman  Drew,  who  prepared  the  report  on  the  research  work 
which  had  been  done  under  the  supervision  of  the  late  Pete  Meisenhelder. 

Vice  President  Beeder:  Thank  you,  Mr.  Johnson.  As  you  have  indicated,  this  has 
been  the  "swan  song"  for  Committee  29.  As  your  committee  fades  out  of  the  picture 
I  want  to  take  this  opportunity  to  thank  the  committee,  and  you  as  its  chairman, 
for  the  diligence  with  which  you  have  stuck  to  the  task  of  bringing  up-to-date  our 
waterproofing  specifications  and  having  them  adopted  here  today.  I  am  sure  this  is  a 
matter  of  great  satisfaction  to  you. 

With  important  unfinished  business  yet  to  be  done,  I  hope  that  the  members  of 
your  committee  will  continue  to  carry  forward  their  good  work  under  the  auspices 
of  Committee  8  in  the  future. 

Again,  our  thanks  to  Committee  29,  which  I  now  dismiss  with  the  hearty  thanks 
of  the  Association.   [Applause] 

Discussion  on  Highways 

[For  report  see  Bulletin  560.  pp.  357-374.] 

[Vice  President  Beeder  presiding.] 

Vice  President  Beeder:  The  next  report  this  afternoon  will  be  that  of  Committee 
9 — Highways,  the  chairman  of  which  is  J.  M.  Trissal,  vice  president  and  chief  engineer, 
Illinois  Central   Railroad,  and  a  director  of  AREA. 

Mr.  Trissal,  along  with  your  vice  chairman,  secretary  and  subcommittee  chairmen, 
please  come  to  the  speaker's  table  and  proceed  with  the  committee's  presentation.  Mr. 
Trissal,  you  may  proceed. 

Chairman  J.  M.  Trissal:  Mr.  Chairman,  members  of  the  AREA  and  guests: 

I  regret  to  announce  the  deaths  of  two  members  of  Committee  9 — Member  Emeritus 
Guy  Palmer,  retired  regional  engineer,  construction  and  maintenance,  B&OCT  Railroad, 
and  Raymond  Westcott,  senior  engineer,  Reading  Company.  Our  published  report 
includes  a  memoir  to  Mr.  Palmer.  One  for  Mr.  Westcott  will  be  submitted  later. 

The  report  of  Committee  9  is  published  in  Bulletin  560  starting  on  page  357.  Your 
committee  is  reporting  on  six  of  its  seven  assignments.  Work  is  progressing  on  the  other 
assignment. 

Assignment   1 — Revision  of  Manual. 

Chairman  Trissal:  In  the  absence  of  Subcommittee  Chairman  E.  R.  Englert,  as- 
sistant  division   engineer,  L  &  N  Railroad,   I   will  present  the   report   on  Assignment   1. 

In  accordance  with  the  request  of  the  secretary,  your  subcommittee  is  reviewing 
its  entire  chapter  of  the  Manual  with  a  view  toward  submitting  to  the  Association  all 
material  therein  for  reapproval,  with  or  without  change,  no  later  than  the  1962  con- 
vention. 

Mr.  Chairman,  I  move  that  the  Manual  recommendations  as  published  on  pages  359 
to  363,  incl.,  in  Bulletin  560,  be  adopted. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  3 — Merits  of  Various  Types  of  Highway-Railway  Grade 
Crossing   Protection,   Collaborating  with  Signal  Section,  AAR. 

Chairman  Trissal:  Subcommittee  Chairman  J.  A.  Jorlett,  area  engineer-structures, 
Pennsylvania   Railroad,  will  present  the   report  on  Assignment  3. 
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J.  A.  Jorlett:  Last  year  your  committee  presented  a  progress  report  on  the  study 
that  was  being  undertaken  to  determine  a  prediction  equation  that  would  produce  reliable 
risk  factors  for  highway-railway  grade  crossings  according  to  the  type  of  protection 
and  the  physical  characteristics  of  the  crossings,  and  would  show  the  effect  of  up-graded 
protection  on  the  accident  rate.  The  grade  crossing  accident  records  were  obtained  from 
14  railroads  in  the  State  of  Ohio  for  the  10-year  period  from  1948  to  1958  along  with 
the  physical  characteristics  of  the  crossings,  which  were  furnished  by  the  Ohio  Depart- 
ment of  Highways. 

This  study  has  continued  under  the  direction  of  the  Armour  Research  Foundation 
of  the  Illinois  Institute  of  Technology  with  funds  provided  through  the  Research  De- 
partment of  the  Association  of  American  Railroads.  The  work  by  the  foundation  con- 
sists of  data  processing,  including  editing,  sorting  and  statistical  analysis,  programming 
statistical  computer  routines  for  use  with  the  project  data ;  routines  for  testing  statistical 
independence;  and  regression  routines  which  were  developed  for  use  with  a  Univac  1105 
computer. 

A  tabulation  of  the  distribution  of  the  crossing  accidents  by  railroads  and  the  num- 
ber of  crossings  with  changed  protection  are  given  on  page  364  of  Bulletin  560. 

We  are  expecting  to  receive  the  final  report  on  this  study  from  the  Armour  Research 
Foundation  in  the  very  near  future.  Your  committee  will  review  the  report  and  submit 
its  recommendations  at  the  next  AREA  convention. 

This  report  is  submitted  as  information. 

Assignment  4 — Relative  Effective  Visibility  of  Highway -Railway  Cross- 
buck  Signs  of  Various  Sizes,  Colors  and  Materials. 

Chairman  Trissal:  Subcommittee  Chairman  T.  M.  Vanderstempel,  director,  De- 
partment of  Parking  and  Traffic  Engineering,  Ann  Arbor  Mich.,  will  present  the  report 
on  Assignment  4. 

T.  M.  Vanderstempel:  The  weathering  tests  of  crossbuck  finishes  described  briefly 
in  last  year's  report  have  been  concluded.  The  two  crossbuck  finishes  selected  to  undergo 
the  weathering  tests  brought  out  the  fact  that  the  reflex  reflective  material  known  as 
"enclosed  lens  reflective  sheeting"  is  superior  to  other  finishes  observed  by  your  com- 
mittee. Accordingly,  your  committee  recommends  adoption  of  the  following  Manual 
revision: 

On  page  9-2-1  under  "Recommended  Use  of  Highway-Railway  Grade  Crossing 
Signs",  in  the  center  column  of  the  table,  under  Sign  Recommended,  in  the  second, 
fourth,  fifth  and  sixth  crossing  situations,  delete  the  sentence  reading,  "Reflecting  me- 
dium may  be  reflector  buttons  or  reflex-reflecting  material",  substituting  therefor  the 
following  sentence,  "Reflecting  medium  may  be  enclosed  lens  reflective  sheeting  or 
reflector  buttons." 

Mr.  Vice  President,  I  so  move. 

[The   motion   was  duly   seconded,   was  put    to  a   vote,  and   carried.  | 
Mr.  Vanderstempel:   This  is  a  final  report,  and  your  subcommittee  recommends 
that  the  subject  be  discontinued. 

Assignment  5 — Recommended  Method  of  Developing  Annual  Mainte- 
nance Cost  of  the  Various  Types  of  Highway-Railway  Grade  Crossing  Pro- 
tection,  Collaborating   with  Signal  Section,  AAR. 

Chairman  Trissai.:  Subcommittee  Chairman  F.  C.  Cunningham,  division  engineer, 
Chesapeake  &  Ohio  Railway,  will  present   the  report   on   Assignment   5. 
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F.  C.  Cunningham:  Extensive  information  has  been  assembled  covering  the  present 
experience  of  various  railroads  in  determining  maintenance  costs  of  individual  grade 
crossing  protection  facilities,  as  well  as  the  present  practice  of  the  different  states  as  to 
participating  in  construction  and  maintenance  costs  of  these   facilities. 

Your  committee  has  been  collaborating  with  Signal  Section,  AAR,  which  was 
progressing  a  concurrent  study  of  the  subject.  We  are  continuing  our  collaboration  with 
the  new  AAR  Communication  and  Signal  Section,  following  which  your  committee 
expects  to  submit  a  report. 

This  report  is  submitted  as  information. 

Assignment  6 — Methods  of  Providing  Additional  Advance  Warning  to 
Highway   Traffic  Approaching   a   Highway -Railway   Grade   Crossing. 

Chairman  Trissal:  Subcommitte  Chairman  Raymond  Dejaiffe,  chief  engineer, 
Toledo  Terminal  Railroad,  will  present  the  report  on  Assignment  6. 

R.  Dejaiffe:  A  progress  report  on  this  assignment  is  presented  as  information  on 
pages  372  and  373  of  Bulletin  560. 

Your  committee  is  studying  the  various  methods  used  throughout  the  country  for 
additional  advance  warning,  including  those  recommended  in  the  Manual  on  Uniform 
Traffic  Control  Devices  published  by  the  Department  of  Commerce,  Bureau  of  Public 
Roads.  Of  particular  interest  is  a  new  sign  being  used  by  the  State  of  Ohio  at  selected 
crossings  which  are  considered  too  hazardous  for  crossbucks  and  not  hazardous  enough 
to  justify  flashing-light  signal  installations.  These  are  rectangular  signs  with  a  right- 
angle  45-deg  cross  in  the  center  with  a  12-in  letter  R  on  each  side  of  the  cross.  In 
some  cases  yellow  lights,  not  connected  with  any  track  circuits,  that  blink  alternately, 
are  located  above  and  below  the  signs. 

There  may  be  other  forms  of  additional  advance  warning  devices  of  which  your 
committee   is   not   aware.   We   would   appreciate   any   information   on   such   installations. 

This  report  is  submitted  as  information. 

Assignment  7 — Specifications  for  the  Construction  of  Pavement  Be- 
tween Tracks. 

Chairman  Trissal:  Subcommittee  Chairman  C.  I.  Hartsell,  division  engineer,  Chesa- 
peake &  Ohio  Railway,  will  present  the  report  on  Assignment  7. 

C.  I.  Hartsell:  The  problem  of  vertical  and  longitudinal  shifting  of  pavements  in 
close  proximity  to  highway-railway  grade  crossings  is  with  all  railways  in  varying 
degrees.  The  southern  railways  experience  expansion  and  contraction  of  pavements  due 
to  temperature  changes,  and  the  northern  railways  have  the  additional  problem  of 
heaving  of  both  track  and  pavement  due  to  frost  action. 

Your  committee  has  developed  two  suggested  plans  of  pavement  construction  be- 
tween tracks  for  the  two  general  temperature  zones.  These  are  shown  on  Fig.  1,  page 
374  of  Bulletin  560. 

This  is  a  final  report  submitted  as  information.  Your  committee  recommends  that 
the  subject  be  discontinued. 

Chairman  Trissal:   Mr.  Vice  President,  this  completes  the  report  of  Committee  9. 

Vice  President  Beeder:  Thank  you,  Mr.  Trissal,  for  the  interesting  and  valuable 
reports  presented  by  your  committee,  and  for  the  Manual  recommendations  which  your 
committee  has  presented  in  order  that  the  recommended  practices  of  this  Association 
with  respect  to  highway  crossing  matters  represent  best  practice  from  the  standpoint 
of  construction,  maintenance,  economy  and  safety. 
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The  many  recommendations  of  your  committee,  and  the  action  thereon,  are  further 

evidence  that  this  Association  makes  a  serious  and  continuing  effort  to  keep  its  Manual 
abreast  of  best  practices. 

Thank  you  again,  Mr.  Trissal.  Your  committee  is  now  excused  with  the  thanks 
of  the  Association.  [Applause] 

Reactivation  of   Committee   18 — Electricity 

Vice  President  Beeder:  As  most  of  you  know  from  articles  that  have  appeared  in 
the  AREA  News,  and  our  secretary's  comments  yesterday,  the  Association  has  reactivated 
its  Committee  18 — Electricity,  discontinued  in  1945,  to  assume  the  fixed-property  aspects 
of  the  work  of  the   Electrical  Section,  AAR,   which   was  dissolved  at   the  end   of    1960. 

Effective  with  this  convention,  Committee  18  takes  its  place  among  our  other  com- 
mittees, and  I  am  happy  to  tell  you  that  it  is  fully  organized  and  ready  to  go.  with  a 
total  of  40  members — 34  of  whom  joined  the  Association  in  recent  weeks  in  order  to 
participate  in  the  work  of  the  committee,  carrying  forward  work  formerly  handled  by 
committees  of  the  Electrical  Section. 

We  welcome  these  new  members  into  the  Association — all  specialists  in  railway 
electrical  matters — as  essential  to  the  work  of  new  Committee  18,  and  hope  they  will 
be  happy  and   productive  in   their  new  affiliation. 

We  are  especially  fortunate  that  these  new  members  include  the  "deposed"  chair- 
man of  the  Electrical  Section,  who  has  been  appointed  chairman  of  our  Committee  18, 
Paul  B.  Burley,  superintendent  communications  and  electrical  engineer,  Illinois  Central 
Railroad,  here  in  Chicago. 

Because  it  has  been  so  recently  organized  and  only  now  officially  reactivated,  this 
committee  has  no  formal  report  to  make  to  the  Association ;  but  I  want  to  recognize 
it  by  inviting  Chairman  Burley,  the  vice  chairman  of  the  committee  J.  J.  Schmidt,  and 
the  committee's  subcommittee  chairmen  to  come  to  the  speaker's  table  lor  such  inlormal 
report  as  Mr.  Burley  would  like  to  make. 

As  these  men  are  coming  to  the  platform  may  I  suggest  that  we  give  them  a  good 
hand  of  welcome.  Mr.  Burley.   [Applause] 

Chairman  P.  B.  Burley:  Thank  you  Mr.  Beeder  for  the  cordial  welcome  extended 
to  the  reestablished  Committee  18 — Electricity.  We  of  the  committee  are  most  happy 
to  be  an  integral  part  of  this  splendid  organization. 

This  year  Committee  18  will  apply  itself  to  selected  items  of  the  work  assignments 
existing  in  the  agenda  of  the  Electrical  Section  at  the  close  of  1960.  Some  of  these 
assignments  were  in  the  hands  of  the  subcommittee  chairmen  who  are  here  before  you 
this  afternoon. 

I  am  most  fortunate  to  have  these  men  to  carry  out  the  work  ot  our  committee 
and  I  would  like  to  have  you  know  them  personally. 

J.  J.  Schmidt,  vice  chairman;  assistant  director  research,  Denver  and  Rio  Grande 
Western  Railroad,  past  chairman.  Electrical  Section.  AAR 

W.  O.  Muller,  chairman,  Subcommittee  1 — Revision  oi  Manual,  electrical  engineei 
fixed  property,  Missouri  Pacific  Railroad. 

W.     R.    Preece,    Jr.,    chairman.    Subcommittee    2 — Illumination;     assistant     electrical 

engineer.  Baltimore  &  Ohio  Railroad 

R.  ('.  Welsh,  Jr.,  chairman,  Subcommittee  !     Rower  Supply,  Motors  and  Controls; 

general  electrician,  Pennsylvania   Railroad 

E.   B.  Hager,  chairman.  Subcommittee  4     Electrolysis  and   Electrolytic    Corrosion; 

assistant  engineer,  Illinois  Central  Railroad 
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F.  T.  Snider,  chairman,  Subcommittee  S— Wire,  Cable  and  Insulating  Materials; 
foreman,   Office  of   Electrical  Engineer,  Pennsylvania  Railroad. 

L.  B.  Curtis,  chairman,  Subcommittee  6— Railway  Electrification;  assitsant  engineer, 
Pennsylvania  Railroad. 

E.  M.  Hastings,  Jr.,  chairman,  Subcommittee  7 — Relations  with  Public  Utilities; 
wire  crossing  engineer  system,  Chesapeake  &  Ohio  Railway. 

Mr.   Vice  President,   this   concludes  the   presentation   of   Committee   18 — Electricity. 

Vice  President  Beeder:  Thank  you,  Mr.  Burley.  We  are  glad  to  have  Committee 
18  back  in  the  fold,  and  we  only  wish  it  might  have  been  possible  to  invite  all  40 
members  of  your  committee  to  the  speaker's  table.  We  are  especially  pleased  that  you 
and  other  members  of  the  Electrical  Section  have  joind  with  us  and  will  participate  in 
our  work.  It  is  good  to  know  that  you  are  fully  organized  and  ready  to  go.  We  look 
forward  with  interest  and  anticipation  to  the  development  of  some  valuable  reports  by 
your  committee  during  the  year  ahead. 

You  are  now  excused.  [Applause] 

Discussion  on  Buildings 

[For  report  see  Bulletin  560,  pp.  287-332.] 

[Vice  President  Beeder  presiding.] 

Vice  President  Beeder:  We  will  hear  next  from  our  Committee  6 — Buildings,  the 
chairman  of  which  is  S.  G.  Urban,  architect,  Texas  &  Pacific  Railway,  at  Dallas,  Tex. 
Mr.  Urban,  I  am  sorry  that  I  cannot  invite  your  entire  committee  to  the  speaker's 
table;  but  if  you  will  come  up  here,  bringing  along  with  you  your  vice  chairman, 
secretary  and  subcommittee  chairmen,  I  shall  be  pleased  to  turn  the  microphone  over 
to  you.  Mr.  Urban. 

Chairman  S.  G.  Urban:  Mr.  Vice  President,  members  of  the  Association  and  guests: 

It  is  my  privilege  to  report  that  the  Committee  on  Buildings  has  experienced  an 
interesting  and  most  productive  year.  Our  members  have  shown  a  continued  interest  in 
our  assignments,  and  in  discussions  of  problems  encountered  by  railway  architects  and 
engineers. 

For  outstanding  meritorius  service  two  members  were  elected  Members  Emeritus 
of  Committee  6.  They  are  O.  G.  Wilbur,  retired  assistant  engineer  of  bridges  and  build- 
ings, Baltimore  &  Ohio  Railroad,  and  J.  B.  Schaub,  retired  engineer  of  buildings,  Illinois 
Central  Railroad.  Mr.  Schaub  is  here,  and  he  is  asked  to  rise.  Congratulations,  Mr. 
Schaub. 

The  Committee  on  Buildings  reports  progress  in  each  of  its  seven  assignments,  with 
three  of  the  studies  in  completed  form.  The  published  report  appears  in  AREA  Bulletin 
560  on  pages  287  to  332  incl.  Questions  or  comments  are  invited  as  the  assignments  are 
presented  by  each  subcommittee  chairman. 

Assignment   1 — Revision  of  Manual. 

Chairman  Urban:  On  Assignment  1,  the  committee  can  report  excellent  progress. 
The  subcommittee  chairman  has  been  very  active  personally,  as  well  as  keeping  all  the 
committee  members  busy  studying  the  Manual  for  revisions,  and  in  voting  on  some 
22  balloted  actions.  Subcommittees  A  and  2  joined  actively  with  Subcommittee  1  in 
this  work,  which  will  be  reported  on  by  the  chairman  of  Subcommittee  1,  W.  G.  Hard- 
ing, architect,  Wabash  Railroad. 

W.  G.  Harding:   Mr.  Vice  President,  members  of  the  Association  and  guests: 

During  the  past  year,  your  committee  has  been  reviewing,  bringing  up  to  date  and 


Discussion 909 

adding  to  the  specifications  of  Chapter  6  so  that  when  the  proposed  reprinting  of  the 
Manual  is  undertaken  in   1962,  the  majority  of  Chapter  6's  specifications  will  li ;i n  «    been 

modernized. 

In  accordance  with  the  trend  of  the  times  we  have  found  it  desirable  t<>  delete 
several  specifications  that  deal  primarily  with  steam  motive  power, 

Following  are  the  recommendations  of  your  committee: 

Delete  data  on  Cement  Grouted  Platforms,  Floors,  Pavement  and  Pavement  Bases, 
pages  6-9-19  to  6-9-25,  inch 

Delete  data  on  Wood  Block  Paving  and  Flooring,  pages  6-9-26  to  6-9-30.  incl.  and 
substitute  therefor  the  revised  material  presented  in  the  report  of  the  committee  in 
Bulletin  560. 

To  the  document  entitled  Built-Up  Roofing  and  Flashing— General  Information, 
pages  6-10-10  to  6-10-13,  incl.,  of  the  Manual,  add  new  Art.  9.  Flashings,  as  set  forth 
in  the  report  of  the  committee  in  Bulletin  560,  and  redesignate  present  Arts.  9  and  10  as 
Arts.  10  and  11,  respectively. 

Adopt  for  publication  in  Part  10,  Chapter  6  (following  page  6-10-29),  of  the 
Manual  the  following  flashing  specifications,  as  set  forth  in  the  report  of  the  committee 
in  Bulletin   560: 

Base  and  Cap  Flashing  not  Less  Than  8  in  High  (10-year  flashing  endorse- 
ment). 

Base  and  Cap  Flashing  Extending  up  Full  Height  of  Wall  and  Under  Coping 
of  Parapet  Wall  (20-ycar  flashing  endorsement). 

Base  and  Cap  Flashing  Extending  up  Full  Height  of  Wall  and  Under  Coping 
of  Parapet  Wall  (10-year  flashing  endorsement). 

Base  and  Cap  Flashings  with  Metal  Cap  Flashing  Extending  Through  Brick 
Wall  (20-year  flashing  endorsement). 

Specification  for  Sheet  Metal  Base  and  Cap  Flashing. 

Delete  data  on  Plumbing — General,  pages  6-14-1  to  6-14-6,  incl..  of  the  Manual, 
and  substitute  therefor  the  material  on  Plumbing — General,  presented  in  the  report  of 
the  committee  in  Bulletin  560. 

Delete  Specifications  for  Copper  Tubing,  pages  6-14-6  and  6-14-7  of  the  Manual, 
and  substitute  therefor  the  Specifications  for  Copper  Tubing  presented  in  the  report  of 
the  committee  in  Bulletin  560. 

Reapprove  without  change  the  data  on  Sewers  and  Drainage,  pages  6-15-1  to 
6-15-5.  incl.,  of  the  Manual. 

Delete  the  data  on  Locomotive  Coaling  Station-,  pages  6  22  1  to  <>  22  4.  incl..  of 
the  Manual. 

Delete  the  Specifications  for  Mechanical  Type  Coaling  Station-,  pages  <>  22  S  to 
6-22-8,  incl.,  of  the  Manual. 

Delete  the  data  on  Locomotive  Cinder  Pits,  pages  6  24  1  and  f>  24  2  of  the 
Manual. 

Reapprove  the  data  on  Determination  of  The  Value  of  Damage  or  Loss  of  Struc- 
tures   Which    Can    Be    Collected    in    Case    of    Fire,    pages    6   27    1    to    (,   27    J,    in,  |..   ,,i    the 

Manual,  with  the  revision-  -ei  forth  in  the  report  ol  the  committee  ta  presented  in 
Bulletin  560. 

Mr.  Vice  President:  I  move  the  adoption  ol  the  aforementioned  deletion-,  revisions, 
reapprovals  and  addition-  to  the  Manual. 

[The   motion   was  duly  seconded,   was  put    to  a   vote,  and   Carried  I 
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Assignment  2 — Specifications  for  Railway  Buildings. 

Chairman  Urban:  The  report  on  Assignment  2  will  be  presented  by  Subcommittee 
Chairman  H.  T.  Seal,  engineer  of  buildings,  Chesapeake  &  Ohio   Railway. 

H.  T.  Seal:   Mr.  Vice  President,  members  of  the  Association,  and  guests: 

Your  committee  is  submitting  for  adoption  and  publication  in  the  Manual,  Specifica- 
tions for  Concrete  Masonry  Walls. 

Concrete  masonry  units  have  some  outstanding  qualities  as  a  building  material 
which  make  them  acceptable  for  many  railway  buildings.  To  assure  the  best  results  on 
this  type  of  construction,  it  is  important  to  have  the  desired  grades  of  materials  and 
proper  laying,  along  with  other  conditions  of  workmanship.  A  specification  to  cover 
these  has  been  prepared  and  is  recommended  to  the  Association. 

Mr.  Vice  President,  I  move  that  the  Specifications  for  Concrete  Masonry  Walls, 
as  they  appear  in  Bulletin  560,  be  included  in  the  Manual  at  the  end  of  Part  4 — 
Masonry. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  3 — Prefabricated  Metal  Buildings   for  Railway   Uses. 

Chairman  Urban:  The  chairman  of  Subcommittee  3  is  R.  E.  Lilliston,  architect, 
Kansas  City  Southern.  Mr.  Lilliston  could  not  be  here,  so  the  report  will  be  given  by 
F.  R.  Bartlett,  assistant  engineer,  Atchison,  Topeka  &  Santa  Fe  Railway. 

F.  R.  Bartlett:  Mr.  Vice  President,  members  of  the  Association,  and  guests:  This 
is  a  final  report  submitted  as  information. 

In  the  face  of  continually  rising  building  costs,  it  is  the  obligation  of  the  railway 
architect  and  building  superintendent  to  seek  economical,  yet  satisfactory,  methods  of 
enclosing  space.  One  way  to  achieve  this  is  by  the  use  of  prefabricated  metal  buildings. 

In  our  report  we  have  recognized  the  fact  that  at  least  one  of  the  four  basic  types 
of  prefabricated  metal  buildings  will  satisfy  the  requirements  of  many  railroad  building 
construction  programs,  and  will  do  it  at  a  low  initial  comparative  cost.  It  is  further 
recognized  that  the  maintenance  costs  of  a  prefabricated  metal  building  may  be  sub- 
stantially lower  than  some  other  types  of  construction.  Either  one  of  these  features 
may  well  be  important  enough  to  make  the  use  of  a  prefabricated  metal  building 
attractive. 

Our  report  discusses  the  capabilities  of  the  prefabricated  metal  building  in  solving 
various   railway   building   requirements. 

This  general  building  type  may  be  one  answer  that  we  are  seeking  to  the  problem 
of  high  initial  and  maintenance  costs  of  railway  buildings. 

Mr.  Vice  President,  this  concludes  the  report  of  Assignment  3. 

Assignment  4 — Wind  Loading  for  Railway  Building  Structures. 

Chairman  Urban:  The  chairman  of  Subcommittee  4  is  G.  A.  Morison,  assistant 
engineer  of  buildings,  Canadian  Pacific  Railway.  Mr.  Morison  could  not  be  present,  so 
the  report  will  be  given  by  a  member  of  the  subcommittee,  I.  G.  Forbes,  engineer  of 
buildings,   Illinois   Central   Railroad. 

I.  G.  Forbes:  Since  at  least  one  railway  floodlight  tower  had  collapsed  due  to  high 
winds,  and  no  scientific  data  appeared  to  have  been  developed  on  the  behavior  of  steel 
towers  under  exposure  to  high  winds,  your  committee  requested  the  Engineering  Divi- 
sion, AAR,  to  investigate  the  behavior  of  a  typical  floodlight  tower  under  such  condi- 
tions. One  field  test  was  carried  out  in  1958  on  a  120-ft  framed  floodlight  tower  in  the 
Santa  Fe  Railway  yard  at  Clovis,  N.  M.  A  second  test  was  planned  for  a  monotube- 
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type  tower  on  the  Seaboard  Air  Line  Railroad  in  I960,  but  this  was  nut  undertaken  pend- 
ing compilation  of  the  data  for  the  first  test.  The  monotube  tower  will  be  Studied  under 
the  continuation  of  the  assignment. 

The  data  developed  by  the  Research  Department  indicated  that  during  wind  a  flood- 
light tower  is  subjected  to  continuously  fluctuating  wind  velocities  and  is  continually  in 
motion  under  its  action.  It  seems  reasonable  to  conclude,  on  the  basis  of  this  test,  that 
in  the  design  of  such  a  tower  consideration  should  be  given  to  a  revision  of  the  gust 
factor  and  other  data  currently  used  in  establishing  the  design  wind  pressure. 

Assignment  6 — Modernization  of  Power  Plants  and  Heating  Systems 
for  Railway  Buildings. 

Chairman-  Urban:  The  report  on  Assignment  6  will  be  given  by  D.  A.  Bessey, 
assistant  architect.  Milwaukee  Road. 

D.  A.  Bessey:  Mr.  Vice  President,  members  of  the  Association  and  guests:  The 
report  on  Modernization  of  Power  Plants  and  Heating  Systems  for  Railway  Buildings 
is  submitted  as  information. 

In  the  past  several  years  many  changes  have  taken  place  on  American  Railroads  due 
to  dieselization.  centralizing  of  locomotive  and  car  repair  operations,  decrease  in  pas- 
senger business  and  consolidation  and  concentration  of  all  departments  and  offices.  These, 
in  turn,  have  brought  about  changes  in  the  physical  plant  of  the  railroad  industry.  The 
consolidation  of  facilities  and  abandonment  of  many  buildings  and  related  installations 
brought  about  by  these  changes  have  greatly  affected  the  requirements  for  power  plant 
and  heating  facilities. 

Not  only  are  the  renewals  or  alterations  of  power  plants  and  heating  systems  the 
major  item  of  work  in  connection  with  terminal  consolidation  projects,  but  they  also 
make  possible  the  greatest  savings  for  such  projects. 

The  report  published  in  Bulletin  560  covers  the  study  and  analysis  procedure 
to  follow  in  reviewing  present  facilities,  the  vast  variation  of  power  plant  and  heating 
system  requirements  and  the  type  of  equipment  best  suited  for  these  requirements. 

In  a  general  survey  carried  out  in  1959  involving  many  railroads,  it  has  been  deter- 
mined that  modernizing  and  altering  of  power  plants  and  heating  systems  have  effected 
an  average  annual  return  of  40  percent  based  on  the  expenditure  to  carry  out  these 
modernizations  and  alterations. 

I  would  like  to  make  a  small  apology  to  the  Association — in  effect  this  report  is  a 
little  late.  For,  if  you  have  completed  the  modernization  of  all  power  and  heating  plants 
on  your  respective  railroads,  this  report  is  just  so  many  words.  However,  if  an  exten- 
sive program  of  modernizing  power  and  heating  plants  has  not  been  carried  out  on 
your  railroad,  the  last  seven  or  eight  years  has  seen  the  unnecessary  waste  of  many 
operating  dollars. 

The   analyzing  of   power  plants  and  heating  systems  at   the   various   terminals   and 
facilities  in  carrying  out  a  modernization  program,  utilizing  modern  equipment   or  mod 
ification    of   existing   equipment,    will   produce   appreciable   savings   in    the   operation   and 
maintenance  of   the  physical  plant   of   the   American   railroads. 

Assignment   7 — New   Structural  Systems   for  Railway   Buildings. 

The  report  on  Assignment  7  will  be  given  by  Subcommittee  Chairman  <;  H  Mc- 
Millan, assistant  to  chief  engineer,  Soo  Line  Railroad. 

G.  H.  McMnXAM:  With  the  publication  of  this  portion  of  ii^  report  on  new  struc- 
tural systems  for  railway  buildings,  your  Subcommittee  completes    Assignment    7    The 
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first  part  of  the  report  was  published  in  the  1960  Proceedings,  Vol.  61,  pages  380 
tnrough  386. 

Present  economic  conditions  on  the  railroads  make  it  more  important  than  ever 
before  that  the  most  efficient  use  be  made  of  new  materials  and  procedures  in  the  con- 
struction of  buildings.  It  is  the  intent  of  the  subcommittee  to  call  to  the  attention  of 
railway  engineers  and  architects  many  of  the  new  materials,  new  design  procedures  and 
new  construction  methods  that  may  be  applicable  to  railway  buildings.  The  subcommit- 
tee feels  that  the  use  of  these  new  products  and  procedures  will  provide  structures  of 
adequate  strength  and  attractive  appearance  at  a  considerable  saving  in  cost  to  the 
railroads. 

This  report  is  submitted  as  information. 

Assignment  8 — Infra-Red  Heating,  Collaborating  with  Electrical  Sec- 
tion, AAR. 

Chairman  Urban:  The  chairman  of  Subcommittee  8  is  J.  W.  Gwyn,  assistant  engi- 
neer, Missouri  Pacific  Railroad.  Mr.  Gwyn  could  not  be  present,  so  the  report  will  be 
given  by  a  member  of  the  subcommittee,  F.  D.  Day,  area  engineer  structures,  Penn- 
sylvania Railroad. 

F.  D.  Day:  This  report,  presented  as  information,  pertains  principally  to  the  eco- 
nomics of  infra-red  comfort  heating  for  buildings. 

Existing  structures  without  previous  heating  systems  have  comprised  many  of  the 
first  railroad  infra-red  heating  installations,  and  individual  fuel  consumption  records  are 
not  available  for  other  buildings  recently  converted  to  infra-red  type  heat.  This  lack  of 
data  has  already  limited  comparison  of  new  installations  with  the  old.  The  large  num- 
ber of  potential  applications,  however,  emphasizes  the  need  for  a  reliable  method  of 
operating  cost  prediction. 

One  leading  manufacturer  of  infra-red  heating  equipment  has  produced  an  annual 
natural  gas  cost  estimate  of  about  24  cents  per  1000  degree  days  per  1000  square  feet 
of  shop  floor  in  a  closed  65-degree  building.  The  one  railroad  installation  with  compara- 
tive cost  data  applied  to  a  building  with  one  end  open.  Operating  costs  for  this  installa- 
tion appeared  to  be  43  cents  per  1000  square  feet  of  floor  area  per  1000  degree  days. 

It  is  planned  to  analyze  operating  cost  data  of  additional  infra-red  ray  heating 
installations  on  the  basis  of  this  winter's  experience. 


Chairman  Urban:  As  a  special  feature,  Freeman  Drew,  assistant  research  engineer 
structures  of  the  AAR  Research  Center,  will  now  deliver  an  address  entitled,  "How 
Floodlight   Towers   Behave   During  High   Wind  Velocity".  Mr.   Drew. 

How  Floodlight  Towers  Behave  During  High  Wind  Velocity 

By  Freeman  Drew 

Assistant    Research    Engineer    Structures,    AAR 

The  study  of  wind  forces  on  structures  has  received  the  attention  of  engineers  for 
many  years.  The  actual  pressure  of  the  wind  on  structures  is  difficult  to  measure;  about 
the  best  we  can  do  is  measure  the  stresses  under  the  action  of  the  wind  and  the  accom- 
panying wind  velocities.  Structures  have  collapsed  during  wind  and  the  reasons  for  such 
collapse  have  been  theorized  and  design  procedures  established  to  prevent  a  recurrence 
of  these  catastrophes.  Thus,  aerodynamic  stability  has  become  more  and  more  sig- 
nificant in  design  of  structures  subjected  to  wind  forces. 
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Your  Building  committee  has  an  assignment  on  wind  loading  of  structures,  and  the 
fact  that  some  floodlight  towers  have  collapsed  during  wind  prompted  the  committee  t" 
investigate  the  action  of  these  towers  under  the  influence  of  wind. 

A  field  investigational  study  was  therefore  undertaken  by  the  AAR  research  Mali. 
A  1 20-f t  steel  floodlight  tower  in  the  Santa  Fe  yard  at  Clovis,  X.  M.  was  selected  since 
this  location  was  known  to  experience  high  wind  velocities.  Located  at  the  west  end  ol 
the  Clovis  Yard,  it  bears  the  full  effect  of  the  west  and  southwest  winds  which  prevail 
there. 

By  the  use  of  continuous  oscillograph  recordings  simultaneous  occurrences  of  wind 
velocity,  wind  direction  and  stresses  in  the  tower  legs  were  obtained.  Through  the  use  i>t 
a  motion  picture  camera  and  a  telephoto  lens,  movement  of  the  top  of  the  tower  was 
also  obtained. 

A  detailed  report  has  been  published  in  Bulletin  559,  September-October  1960.  A 
reiteration  of  this  material  is  not  the  purpose  of  this  presentation  today,  but  by  use  of  a 
motion  picture  film,  I  want  to  show  you  the  dynamic  response  of  this  tower  which  was 
difficult  to  indicate  in  the  written  manuscript.  I  want  to  take  you  to  the  base  of  the 
tower  to  watch  its  top  go  through  the  many  g\  rations  during  various  wind  velocities. 
I  am  sure  that  this  motion  picture  will  convince  you  that  this  tower  is  acted  upon  by 
dynamic  forces. 

Before  showing  the  film  I  want  to  show  six  slides*  of  this  tower  and  the  test  setup. 

On  this  first  slide  is  shown  the  120-ft  steel  flood  light  tower  investigated.  It  is  a  four- 
legged  tower  7  ft  6  in  square  at  the  base.  At  the  top  is  shown  a  bank  of  10  floodlights 
symmetrically  placed  about  the  vertical  axis. 

The  next  slide  shows  the  base  of  the  tower  and  the  AAR  mobile  laboratory. 

The  next  slide  shows  the  base  of  the  tower  and  the  housing  for  the  24-in  telescopic 
lens  mounted  on   the   16-mm  motion  picture  camera. 

(Next  slide)  This  camera  and  lens  are  focused  on  a  target  at  the  120-ft  level  to 
record  displacements  of  the  tower  top. 

The  next  view  is  looking  toward  the  top  of  the  tower  and  shows  the  anemometers 
used  to   record  wind  velocity. 

This  last  slide  is  a  close-up  of  one  of  the  five  anemometers  used.  They  are  of  a 
very  light  weight  design  and  responded  quickly  to  changes  in  wind  velocity. 

Out  in  the  flat  lands  of  New  Mexico  the  wind  blows  to  such  an  extent  that  we 
didn't  bother  to  record  wind  velocities  less  than  25  mph.  We  were  able  to  record 
velocities  as  high  as  72  mph,  and  since  the  test  truck  almost  became  airborne  at  this 
velocity   we   decided   that   this   was  high   enough. 

During  the  showing  of  this  film  I  want  you  to  observe  two  things  in  particular: 
(1)  that  the  tower  is  constantly  in  motion,  always  oscillating  at  the  same  frequency, 
and  (2),  that  even  though  the  wind  is  blowing  predominantly  from  the  west,  the  tower 
does  not  necessarily  move  in  an  east-west  direction  but  rather  changes  its  direction  of 
motion,   following  a  somewhat  elliptical   path. 

Keep  in  mind  also  that  the  film  strips  you  are  about  to  see  have  not  been  altered, 
but  represent  actual  sequences.  This  is  the  way  the  tower  responded  to  the  varying 
wind  velocities.  The  wind  velocity  numbers  shown  arc  onl)  a  guide  to  the  average 
velocities  occurring  in  a  given  sequence. 

[The  film  was  then  shown,  with  the  following  comments  bj    Mr    Drew:] 


•   rhes      Hdi      ;1    ""'    reproduced   herein    Similar   photographs   may  It   Found   in    the   report      ft  I 
of  120  li   Santa   Fe   Floodlight   Tower,"  pagea  133-152,  Bulletin   ; 
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This  is  a  schematic  view  of  the  tower  showing  the  camera  at  the  base  directed 
upward  to  the  target  on  the  underside  of  the  platform  at  the  120- ft  level. 

This  is  the  target.  The  numbers  represent  tenths  of  feet.  At  the  upper  right  is  a 
clock  band  which  makes  one  revolution  every  10  seconds. 

During  the  film  you  may  have  noticed  that  the  total  tower  displacement  is  made  up 
of  two  types.  One  movement  is  the  result  of  a  steady  pressure  and  causes  the  tower  to 
lean  over  an  amount  roughly  proportional  to  the  square  of  the  wind  velocity.  The  other 
movement  is  an  oscillatory  one  and  is  superimposed  on  the  tower  in  its  deflected  position. 
This  is  the  dynamic  response  of  the  tower  to  the  continually  fluctuating  wind  velocities. 
Thus,  total  tower  movement  and,  accordingly,  total  stress  is  made  up  of  what  may  be 
termed  static  and  dynamic  effects. 

During  this  test,  there  were  instances  where  the  dynamic  effect  or  semi-amplitude 
of  stress  exceeded  the  static  effect  or  the  mean  stress.  In  such  a  case,  the  dynamic  effect 
was  over  100  percent. 

When  the  natural  frequency  of  the  tower  is  matched  by  the  frequency  of  the  wind 
pulsations,  this  dynamic  effect  is  magnified  and  there  is  danger  of  collapse.  It  is  con- 
ceivable that  those  towers  that  have  collapsed  did  so  not  only  because  the  wind  was 
blowing  at  a  very  high  velocity,  but  because  the  wind  gusts  were  in  phase  with  natural 
period  of  vibration  of  the  tower  and  persisted  long  enough  to  magnify  the  oscillations 
to  catastrophic  proportions. 

On  the  basis  of  this  test  it  seems  apparent  that  tower  design  should  include  this 
dynamic  effect  which  might  be  expressed  as  a  percentage  of  a  basic  static  stress. 

Only  through  an  expanded  research  program  under  actual  field  conditions,  can  we 
develop  rational  design  procedures.  Budget  limitations  prevented  continuing  the  pro- 
gram this  year,  but  it  is  hoped  that  this  is  only  a  short  postponement. 

Thank  you.  [Applause] 


Chairman  Urban:  Mr.  Drew,  your  presentation  was  most  interesting,  and  I  thank 
you  and  your  associates  in  this  research  work. 

Mr.  Vice  President,  before  concluding  this  report  and  my  term  as  chairman  I  would 
like  to  have  recognized  our  very  capable  and  reliable  secretary,  D.  J.  Murray,  engineer- 
ing draftsman,   Chicago  &  Western   Indiana   Railroad. 

It  is  my  pleasure  to  introduce  the  new  vice  chairman  of  the  committee,  J.  W.  Hayes, 
architect,   Great  Northern  Railway. 

I  deem  it  a  privilege  to  introduce  the  new  chairman  of  Committee  6,  K.  E.  Hornung, 
architect.  The  Milwaukee  Road.  I  am  sure  the  Committee  members  will  give  Mr. 
Hornung  the  fine  cooperation  and  support  they  have  given  me. 

To  the  members  of  Committee  6,  Secretary  Howard  and  his  staff,  and  to  the  officers 
and  directors  of  AREA  for  their,help  and  direction,  and  in  the  trust  that  has  been  mine 
as  chairman,  I  extend  my  heartfelt  thanks.   [Applause] 

Vice  President  Beeder:  Thank  you,  Mr.  Urban,  for  your  committee's  fine  presen- 
tation. It  is  evident  that  you  have  put  in  a  very  active  year.  Apparently  Chapter  6  of 
the  Manual  required  a  good  going  over  to  bring  it  up  to  date,  and  we  are  glad  your 
committee  is  tackling  that  job  with  such  determination. 

Speaking  to  all  committees,  may  I  say  that  this  continues  to  be  one  of  our  most 
important  jobs  in  the  year  ahead — to  review  and  bring  the  respective  Manual  documents 
up  to  date  before  the  reprinting  of  the  Manual  in  1962.  To  a  large  extent  the  reputation 
of  our  Association  depends  upon  our  Manual  of  Recommended  Practices.  We  must 
jealously  protect  that  reputation. 
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We  welcome  Mr.  Hornung  as  the  new  chairman  of  Committee  6  and  Mr.  Hayes  as 
the  new  vice  chairman  and  are  certain  that,  under  their  direction,  the  good  work  <>! 
your  committee  will  continue. 

Mr.  Hornung,  to  help  you  give  that  direction  to  your  committee.  1  want  you  to 
have  this  Chairman's  gavel  with  your  name  on  it.   I   hope  you   will  use  it   as  necessary. 

Mr.  Urban,  your  committee  is  now  excused  with  the  thanks  of  the  Association 
[Applause  | 

Discussion  on  Wood   Preservation 

I  Kur   report   see    Bulletin    561.   pp.   499-S10.] 

[Vice  President  Beeder  presiding.! 

Vice  President  Beeder:  Moving  along,  the  next  committee  to  report  is  Committee 
17 — Wood  Preservation,  the  chairman  of  which  is  R.  B.  Radkey,  engineer  ties  and 
treatment,  Illinois  Central  Railroad.  Due  to  conditions  beyond  his  control  it  has  been 
impossible  for  Mr.  Radkey  to  be  present  here  today.  Accordingly,  the  committee's 
presentation  will  be  conducted  by  its  vice  chairman.  W.  W.  Barger,  chief  inspector.  Tie 
and   Timber  Treating   Department,  Santa   Fe   Railway. 

Vice  Chairman  W.  VY.  Barger:  Mr.  Vice  President,  members  of  the  American  Rail- 
way   Engineering   Association,   and   guests: 

The  report  of  Committee  17  in  printed  form  is  found  in  Bulletin  558,  starting  on 
page  89,  and  Bulletin  561,  starting  on  page  449.  We  have  reports  on  five  of  nine 
assignments. 

Assignment  2 — Specifications  for   Wood  Preservatives. 

Vice  Chairman   Barcer:   The  report  on  this  assignment  involves  reapproval  of  cer- 
tain   preservative   specifications   without    change,    reapproval   of   others   with    minor   revi 
sions,  and  deletion  of  Manual  material.  In  order  to  save  time  I  shall  group  specifications 
requiring  similar  action. 

I  move  that  the  specifications  for  Creosote,  Creosote-Petroleum  Solutions,  and 
Petroleum  for  Blending  with  Creosote,  and  the  material  on  Simplified  Method  lor  Taking 
Zone  Samples  of  Creosote  in  Tank  Cars,  be  reapproved  without  change. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

\ "k  i  Chairman  Barger:  I  move  that  the  specifications  for  the  following  salt  pre- 
servatives: Chromated  Zinc  Chloride,  Acid  Copper  Chromate,  Copperized  Chromated 
Zinc  Chloride,  Chromated  Zinc  Arsenate.  Ammoniacal  Copper  Arsenite  and  Chromated 
Copper  Arsenate  be  reapproved  with  the  initials  of  the  preservative  placed  after  t hi- 
name  of  the  preservative,  the  revised  comment  as  printed  in  the  report  added  to 
Chromated  Zinc  Chloride  and  Copperized  Chromated  Zinc  Chloride  specifications,  and 
substituted  for  first  paragraph  of  comment  now  following  Acid  Copper  Chromate, 
Chromated  Zinc  Arsenate.  Ammoniacal  Copper  Arsenite  and  Chromated  Copper  Arsenate 
specifications. 

[The   motion    was  dul\    seconded,   was   put    to   B    Vote,  and   carried  | 

Via    Chairman  Barcer:   I  move  that  the  specification  tor  Tanalith  be  reapproved 
with   the  following  revisions:    Change  the  name  "Tanalith"  to   Fluor-Chrome  Arsenate 
Phenol  Type    \    (FCAP   Type   A)    and   add   the  comment   as  printed   in   the   report    to   the 
specification. 

[The  motion  was  dul)  seconded,  was  put  to  a  vote,  and  carried.] 
Via   Chairman  Barcer:   I  move  that  specifications  for  Pentachloropheno]  and  Cop 
per  Naphthenate   be   reapproved  with  the  fourth   paragraph  ol   the  Pentachloropheno] 
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specification,  and  the  fifth  paragraph  of  Copper  Naphthenate  changed  to  read  as  printed 

in  the  report. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried. | 

Vice  Chairman  Bargkr:   I  move  that  the  specification  for  Zinc  Chloride  be  deleted 

from  the  Manual. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Vice  Chairman  Barger:   Mr.  Chairman,  this  completes  the  report  on  Assignment  2 

except    for   presenting   the   editorial   changes   printed   in    the   report   that   do   not   require 

formal  action  by  the  Association. 

Assignment  3 — Specifications  for  Petroleum  As  a  Carrier  for  Standard 
Wood  Preservatives. 

Vice  Chairman  Barger:  The  report  on  Assignment  3  will  be  presented  by  Sub- 
committee Chairman  T.  H.  Patrick,  supervisor  of  tie  bureau,  Milwaukee  Road. 

T.  H.  Patrick:  The  report  on  this  assignment  is  printed  on  page  503,  Bulletin  561. 

Copper  Naphthenate  now  being  an  approved  AREA  preservative,  a  solvent  oil  car- 
rier for  it  was  needed.  From  its  study  your  committee  concluded  that  the  same  oil  used 
for  Pentachlorophenol  is  also  suitable  for  Copper  Naphthenate,  so  we  recommend  that 
the  title  of  the  Specification,  "Petroleum  Solvent  for  Pentachlorophenol"  be  changed  to 
read  "Petroleum  Solvent  for  Pentachlorophenol  and  Copper  Naphthenate."  We  also  rec- 
ommend making  the  minor  changes  in  this  specification  shown  in  the  report  in  Bulletin 
561. 

Mr.  Vice  President,  I  move  approval  of  the  aforementioned  recommendations. 
[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 
Mr.  Patrick:  For  next  year's  work  we  recommend  study  of  a  lighter  carrier  solvent 
for  these  preservatives  where  extra  cleanliness  is  desired. 

Assignment  4 — Specifications  for  Preservative  Treatment  of  Forest 
Products,  Including  Laminated   Timbers,   Collaborating  with   Committees   6 

and  7. 

Vice  Chairman  Barger:  The  report  on  Assignment  4  will  be  presented  by  Subcom- 
mittee Chairman  L.  C.  Collister,  manager,  Tie  and  Timber  Treating  Department,  Atchi- 
son, Topeka  &  Santa  Fe  Railway. 

L.  C.  Collister:  Under  Assignment  4  your  subcommittee  has  reviewed  present 
specifications  for  treatment  of  forest  products  with  a  view  toward  submitting  additions 
or  revisions,  and  has  reviewed  retentions  for  TD  ties  with  particular  reference  to  require- 
ments for  treatment  to  refusal. 

As  a  result  of  this  work,  the  subcommittee  submits  for  adoption  the  following 
recommendations  with  respect  to  Part  4,  Chapter  17  of  the  Manual: 

Under  Specifications  for  Treatment,  pages  17-4-5,  Sec.  D,  Preservatives:  In  the  list 
of  preservatives,  delete  Zinc  Chloride;  add  Acid  Copper  Chromate,  Ammoniacal  Copper 
Arsenite,  Copperized  Chromated  Zinc  Chloride,  and  FIuor-Chrome-Arsenate-Phenol 
Type  B  (Osmose  Salt)  ;  change  Tanalith  to  read  Fluor-Chrome-Aresenate-Phenol  Type 
A,  making  the  list  read  as  printed  on  page  504  of  Bulletin  561. 

Mr.  Vice  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Collister:  Manual  pages  17-4-8  to  17-4-18.1,  incl.,  Table  1— Specific  Require- 
ments for  Preservative  Treatment  by  Pressure  Processes — change  the  data  for  water- 
borne  preservatives  for  the  species  shown  on  Manual  pages  17-4-8,  17-4-9,  17-4-10,  17- 
4-15,  17-4-16,  17-4-16.1  and  17-4-18.1  to  read  as  printed  on  page  504  of  Bulletin  561. 
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Mr.  Vice  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.) 

Mr.  Collister:  On  page  17-4-17,  change  the  retentions  of  creosote-type  preserva- 
tives for  AREA-TD  ties  from  refusal  to  9  lb  per  cu  ft. 

Mr.  Vice  President,  I  so  move, 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.  1 

Mr.  Collister:  On  page  1 7^4—19,  Methods  of  Determining  Penetration  in  Wood 
Treated  with  Preservatives:  Reapprove  with  the  following  revisions:  Delete  Zinc  Chloride 
and  Pentachlorophenol  and  revise  the  list  to  read  as  printed  in  the  report.  Pentachloro- 
phenol  was  deleted  from  the  list  because  there  is  no  method  of  test  in  accordance  with 
AWPA  Standard  A3. 

Mr.  Vice  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried! 

Mr.  Collister:  Pages  17-4-20  to  17—4—22  incl.,  Specifications  for  Pressure  Treat- 
ment of  Wood  to  Make  it  Fire  Resistant:   reapprove  without  change. 

I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  5 — Conditioning  of   Wood  Before  Preservative   Treatment. 

Vice  Chairman  Barger:  We  have  no  report  on  Assignment  5  at  this  time.  A  ques- 
tionnaire is  being  prepared  for  circulation  among  Member  Roads,  and  a  report  on 
current  practice  will  be  presented  at  a  later  date. 

Assignment  7 — Service   Test  Records  of  Treated   Wood. 

Vice  Chairman  Barger:  The  report  on  Assignment  7  will  be  presented  by  Sub- 
committee Chairman  R.  P.  Hughes,  inspector,  Tie  and  Timber  Treating  Department, 
Santa  Fe. 

R.  P.  Hughes:  Mr.  Vice  President  and  gentlemen  of  the  Association: 

Your  subcommittee  submits  reports  on  service  test  records  of  treated  tics  as  follows: 

1.  Report  on  1957  inspection  of  Atchison,  Topeka  &  Santa  Fe  Railway's  service 
test  records  of  hewn  southern  pine  and  sawn  Douglas  fir  cross  ties,  and  on  1960  inspec- 
tion of  hewn  gum  cross  ties  treated  with  8  lb  per  cu  ft  of  a  solution  containing  50 
percent  gas  oil  and  50  percent  treating  oil  with  5  percent  pentachlorophenol  added. 

2.  Report  showing  record  of  cross  tie  test  sections  on  the  Union  Pacific  Railroad 
This  report  shows  the  service  life  of  these  cross  ties,  their  anticipated  average  life  and 
the  principal  causes  for  removal  of  the  ones  removed  from  track. 

3.  Summary  of  1959  tie  service  records  by  Xorthern  Pacific  Railway  Company, 
showing  average  life  of  these  ties,  their  estimated  total  life  and  principal  causes  of 
removal. 

4.  Report  by  the  Chesapeake  &  Ohio  Railway  Company  showing  tesl  of  life  <>t  ties. 
This  road  also  submits  a  report  on  cross  tie  renewal   predictions. 

Mr.  Chairman,  this  report  is  submitted  ;i-  information, 

Assignment  8 — Destruction  by  Marine  Organisms;  Methods  of  Preven- 
tion. 

Via.  Chairman  Bargkk:  New  developments  in  this  field  will  lie  reported  a-  Infor- 
mation becomes  available. 
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Assignment  9 — Destruction  by  Termites;  Methods  of  Prevention;  Col- 
laborating with   Committees  6  and  7. 

Vice  Chairman  Barger:  The  report  on  Assignment  9  will  be  presented  by  Sub- 
committee Chairman  F.  J.  Fudge,  timber  engineer,  New  York  Central  System. 

F.  J.  Fudge:  Mr.  Vice  President,  the  stake  test  at  the  University  of  Florida,  being 
only  3  years  old,  is  still  not  old  enough  to  give  any  conclusive  ratings  of  preservatives; 
however,  those  stakes  containing  light  retentions  have  suffered  severe  damage  either  by 
termites,  decay  or  by  both.  Those  having  retentions  as  recommended  for  ground  contact 
use,  show  very  little  damage. 

The  first  three  preservatives  rated  according  to  their  effectiveness  to  control  termites 
and  decay  are  as  follows: 

1.  Coal  tar  creosote. 

2.  Ammonical  copper  arsenite. 

3.  Copper  naphthenate. 

The  untreated  control  stakes  have  been  severely  attacked  by  termites  and/or  decay. 
Inspection  of  the  test  stakes  will  be  made  annually  and  reported  accordingly.  This 
report  is  presented  as  information  only. 

Assignment   10 — Incising  Forest  Products. 

Vice  Chairman  Barger:  There  is  no  report  on  Assignment  10.  Information  will  be 
submitted  as  it  becomes  available. 


Vice  Chairman  Barger  (Continuing):  This  concludes  the  report  of  Committee  17. 
I  would  like  to  take  this  opportunity  to  thank  the  subcommittee  chairmen  and  com- 
mittee members  for  their  work  in  preparing  and  presenting  the  report  of  Committee  17. 

This  is  the  last  report  of  Committee  17 — Wood  Preservation,  as  a  separate  commit- 
tee. Committee  17  will  be  consolidated  with  Committee  3,  which  in  the  future  will  be 
known  as  Committee  3 — Ties  and  Wood  Preservation.  The  same  work  will  be  continued 
under  the  new  committee. 

Mr.  Vice  President,  this  completes  our  report. 

Vice  President  Beeder:  Thank  you,  Mr.  Barger,  for  pinch-hitting  for  Chairman 
Radkey.  We  are  sorry  Mr.  Radkey  could  not  be  here,  but  what's  the  use  of  having  good 
vice  chairmen  if  they  aren't  to  be  called  upon  in  an  emergency? 

Your  committee  has  rendered  invaluable  service  to  this  Association  and,  through  its 
work  over  many  years,  to  the  railroads;  and  it  is  with  a  tear  in  our  eyes  that  we  see 
it  lose  its  separate  identity.  However,  consolidation  seems  to  be  the  order  of  the  day 
on  the  railroads,  and  we  must  not  be  left  behind  where  such  is  in  the  interest  of  greater 
efficiency  and  economy.  So,  congratulations  on  your  achievements  over  the  years,  and 
our  best  wishes  to  you,  Committee  17,  as  you  join  hands  with  Committee  3  in  the  future. 

Mr.  Barger,  your  committee  is  now  excused  with  the  thanks  of  the  Association. 
[Applause] 

Discussion  on  Ties 

[For  report  see  Bulletin  561,  pp.  407-410.1 

[Vice  President  Beeder  presiding.] 

Vice  President  Beeder:  Our  next  committee  to  report  is  the  one  to  which  reference 
was  made  during  the  last  committee's  presentation,  our  Committee  3 — Ties.  The  chair- 
man of  this  committee  is  F.  J.  Fudge,  timber  engineer,  New  York  Central  System,  at 
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New  York,  and  I  shall  greatly    appreciate  hi>  coming  to  the  platform   with   r» i  —   vice 
chairman  and  subcommittee  chairmen  at  this  time.  Mr    Fudge. 

Chairman  F.  J.  FUDGI      Mr    Vice  President,  members  and  quests  of  the  Association 
The   report  of   Committee  3   is  printed   in   Bulletin    561    beginning   on   page  407   and 

in    Bulletin   558,  June-July   1960.  The  presentation  today   i-  limited   to   Manual   material 

and  a  very  interesting  special  feature. 

Assignment   1 — Revision   of  Manual. 

Chairman  Fudge:  The  report  on  Assignment  1  will  be  presented  by  Subcommittee 
Chairman  VY.  E.  Fuhr,  assistant  chief  engineer — signals  and  communications,  Milwaukee 
Road. 

W.  E.  Fuhr:  Mr.  Vice  President,  the  report  on  Assignment  1.  Revision  of  Manual, 
appears  on  pages  408  and  409  and  recommends  the  reapproval  with  revisions  of  Specifi- 
cations for  Cross  Ties,  the  reapproval  with  revisions  of  Application  of  the  Specification 
as  to  Size  Acceptance,  and  the  reapproval  without  change  of  Specifications  for  Machining 
Cross  Ties. 

Mr.  Vice  President.  I  move  that  these  recommendations  be  approved. 
[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried! 


Chairman  Fudge:  I  would  like  to  have  the  subcommittee  chairmen  who  have 
worked  faithfully  on  the  other  assignments  stand  and  be  recognized  by  the  Association. 

P.  D.  Brentlinger,  forester,  Pennsylvania  Railroad,  Subcommittees  2  and  5. 

M.  J.  Hubbard,  assistant  chief  engineer — system.  Chesapeake  &  Ohio  Railway,  Sub- 
committee 3. 

VY.  L.  Kahler,  general  inspector,  forest  products  and  treatment,  Missouri  Pacific 
Railroad,  Subcommittee  4. 

E.  F.  Snyder,  assistant  to  chief  engineer,  Illinois  Central  Railroad,  Chairman  of 
Subcommittee  6,  is  not  here  today. 


Chairman  Fudge:  The  special  feature  of  Committees  3  and  17  will  now  be  presented 
by  D.  B.  Frampton,  Jr.,  vice  president.  D.  B.  Frampton  &  Company,  Columbus,  Ohio. 
Mr.  Frampton  is  the  latest  past  president  of  the  Railway  Tie  Association.  The  title  of 
his  address  is  "Said  the  Tie  Man  to  the  Track  Men."  Mr.  Frampton. 

"Said  The  Tie  Man  to  The  Track  Men" 
By  D.  B.  Frampton,  Jr. 

Vice   President,    D.    B.    Frampton   &   Co. 

Mr.  Vice  President,  ladies  and  gentlemen.  I  bring  you  greetings  from  the  Railway 
Tie  Association. 

In  this  meeting  today  I  recognize  many  of  your  members  whom  we  are  proud  to 
claim  as  associate  members  in  our  organization,  and  I  can  personally  recall  more  than 
just  a  few  occasions  on  which  your  officers  have  addressed  the  annual  meetings  ol  the 
R.T.A.  In  fact,  it  was  just  last  October  that  your  President.  Mr  E  J  Broun,  spoke  to 
us  in  Cleveland.  Because  of  the  many  close  ties  between  our  groups  (no  pun  intended). 
we,  as  an  association,  are  glad  to  be  asked  t<»  appear  before  you.  and  it  i-  reaH}  a 
pleasant  assignment  for  me. 

Winn    your    executive    secretary,    Mr     Howard,    asked    for   ■    title    to    this    iddl  I 

hoped  that   as  long  as  I   used  quotation  mark-,  the  one  I  gave  might  pass  a- 
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license."  Certainly  you  are  track  men  but  you  have  no  assurance  that  I  am  a  tie  man. 
Well,  sirs,  there  is  no  use  denying  it,  I  am.  I  have  worked  in  the  woods  at  cutting  the 
trees  into  logs;  I  have  skidded  the  logs  with  horses;  and  I  have  sawed  and  filed  on  a 
portable  mill.  I  have  scars  to  prove  that  I  am  an  enthusiastic,  even  though  highly  inac- 
curate axeman.  I  started  buying  ties  on  a  concentration  yard  when  a  No.  5  Oak  was 
well  priced  at  a  dollar.  I  have  treated  my  share  of  charges  at  the  creosoting  plants  and 
have  hammered,  or  clobbered,  more  than  my  share  of  S-Irons.  Believe  it  or  not,  I  even 
worked  on  a  track  gang,  but  that  is  another  story.  All  of  these  things  I  have  done,  but 
I  have  never  sold  a  tie.  In  fact,  I  doubt  that  there  is  such  a  thing  as  a  tie  salesman; 
I  say  that  because  nobody  ever  bought  one  if  he  didn't  need  one  or  want  one.  All  of  this 
is  my  way  of  leading  up  to  the  point  that  we  are  a  supplying  type  of  industry,  rather 
than  a  sales-promotion  type  of  trade.  Our  industry  has  produced  a  product  to  meet 
your  specifications,  when  you  wanted  it,  where  you  wanted  it,  in  quantities  you  required, 
and  at  prices  you  have  often  admitted  were  less  than  you  would  have  to  pay  for  any 
substitute,  regardless  of  its  merits  or  demerits. 

In  connection  with  substitutes,  I  might  add  that  there  has  never  been  any  shortage 
of  candidates  to  replace  the  treated  wooden  tie.  Now,  when  it  comes  to  statistics  I  con- 
fess I  once  practiced  a  theory  that  said,  "Don't  try  to  remember  statistics,  make  them 
up  fresh  as  you  go  along!  Who  can  contradict  you?"  Well!  In  this  audience  today  there 
are  many  who  know  how  many  thousands  of  patents  have  been  applied  for  to  cover 
substitute  ties.  So,  permit  me  to  generalize  and  say  only,  "There  has  been  a  heap  of 
them !" 

The  treated  wood  cross  tie  is  familiar  to  you  all.  Sometimes  I  wonder  if  it  is  not 
taken  a  little  too  much  for  granted.  I  am  not  bragging  and  I  am  not  selling  when  I  say 
it  is  a  tremendous  product ;  after  all,  you,  the  consumer,  designed  it  and  you  have  used  it 
with  outstanding  success.  I  would  not  care  to  get  into  tie  service  life  here  and  now. 
(By  the  way,  I  have  at  home  one  of  the  funniest  tape  recordings  you  can  imagine.  It  was 
taped  during  a  panel  discussion  and  question  period  at  our  1960  R.T.A.  Convention  and 
it  deals  convulsively,  if  not  conclusively,  with  methods  of  figuring  tie  service  life.)  How- 
ever, let  me  say  that  the  30-  to  50-year-old  tie  you  remove  this  year  was  treated  under 
methods  and  controls  in  effect  at  that  time;  I  believe  you  are  getting  and  have  gotten 
a  better  product  every  year  since  then  and  will  always  continue  to  do  so.  I  feel  sure 
that  most  of  you  have  read  the  several  recent  articles  that  lead  one  to  the  conclusion 
that,  at  S  percent  current  interest  rate,  and  with  a  $5  to  $6  treated  tie  that  lasts  30  to 
40  years,  you,  as  a  consumer,  are  hard  pressed  to  justify  spending  an  extra  dime  to  get  a 
tie  that  lasts  forever.  So,  not  only  are  you  buying  a  good  product,  it  is  economical  too ! — 
"right  priced"  is  the  way  to  say  it. 

There  has  never  in  our  national  history  been  a  time  when  someone,  somewhere, 
failed  to  claim  that  we  are  running  out  of  timber.  Now,  this  is  not  a  fact!  It  just  is  not 
so !  The  raw  material  for  pressure-treated  wood  cross  ties  is  everywhere  available  in 
almost  unlimited  quantities  and  it  can  be  produced  quickly  with  rather  simple  tools.  I 
will  grant  that  some  national  emergency  might  give  you  priority  problems,  but  the  birds 
are  singing  today  in  the  middle  of  all  the  ties  you  can  use  in  any  future  period  you  might 
choose  for  consideration ;  and  we  are  growing  more  both  day  and  night. 

This  pressure-treated  wood  cross  tie  that  you  have  evolved  has  never  been  the  butt 
of  a  great  deal  of  criticism  that  I  am  aware  of;  it  is  strong,  it  is  durable,  it  is  easy  to 
handle,  it  is  readily  available,  it  is  practical  to  use  and  it  is  economical.  Only  the  fact 
that  you  have  so  many  of  them  in  your  properties  and  the  fact  that  the  budget  item  for 
new  ones  appears  to  be  a  lot  of  money,  prompt  you,  and  us,  as  your  suppliers,  to  im- 


Discussion 921 

prove  on  these  many  qualities  or  virtues.  Just  as  surely  as  money  makes  the  man  l:<>. 
budget  management  will  prompt  further  research  and  refinement  <>!  what  i-  already  B 
good  thing.  This  improvement  is  logically  within  your  field  as  engineers,  and  nobody, 
but  nobody,  is  more  willing  and  anxious  to  help,  consult,  and  share  this  task  with  you 
than  the  Railway  Tie  Association  and  its  many  corporate,  producer,  and  supplier  mem- 
bers. Your  welcome  inquiries,  addressed  to  our  executive  secretary  at  Columbus,  Ohio, 
Robert  M.  Hamilton,  will  always  receive  our  most  courteous  attention. 
Thank  you  for  your  invitation  to  appear  here  today.  [Applause] 


Chairman  Fudge:  Thank  you,  Mr.  Frampton,  for  a  very  interesting  presentation. 
You  have  given  us  food  for  thought,  and  I  am  sure  we  are  more  enlightened  as  to  the 
tie  man's  problems  and  viewpoints. 

As  this  concludes  my  term  as  chairman  of  Committee  3,  I  would  like  at  this  time 
to  extend  my  deep  thanks  to  the  subcommittee  chairmen  and  all  other  members  for  their 
excellent  help  and  cooperation  during  the  past  three  years. 

As  my  last  official  act,  I  take  great  pleasure  in  presenting  to  you  the  name  of  my 
successor  as  chairman  of  consolidated  Committees  3  and  17,  R.  B.  Radkey,  engineer  of 
ties  and  treatment.  Illinois  Central  Railroad,  who  was  unable  to  be  here  today.  As  chair- 
man of  Committee  17  he  did  a  fine  job,  and  I  am  sure  he  will  continue  to  do  a  fine  job 
as  chairman  of  the  new  Committee  3 — Ties  and  Wood  Preservation. 

Continuing  as  vice  chairman  is  W.  E.  Fuhr,  assistant  chief  engineer — signals  and 
communications,  Milwaukee  Road.  Mr.  Fuhr  has  already  demonstrated  his  ability  to 
handle  the  vice  chairmanship. 

Mr.  Chairman,  this  concludes  our  report. 

Vice  President  Beeder:  Thank  you,  Mr.  Fudge  and  the  members  of  your  commit- 
tee; and  thank  you,  Mr.  Frampton.  With  cross  ties  still  one  of  the  most  important  and 
costly  elements  of  the  track  structure,  this  Association  and  the  railroads  continue  to  look 
to  Committee  3  for  guidance  in  the  future  concerning  them.  In  spite  of  all  that  has  been 
accomplished  in  the  past  with  respect  to  prolonging  the  service  life  of  ties,  it  appears  that 
the  job  of  your  committee  is  not  completed  and  must  go  forward. 

Mr.  Fudge,  we  greatly  appreciate  your  service  to  the  Association  during  the  past 
three  years  as  chairman  of  Committee  3,  and  commend  to  your  successor.  Mr.  Radkey, 
and  to  your  new  vice  chairman,  Mr.  Fuhr,  the  still  bigger  job  ahead  of  them  as  they 
take  over  the  helm  of  Committee  3,  with  its  enlarged  scope  of  work  under  the  new  name 
of   Ties   and   Wood   Preservation. 

With  the  personnel  of  your  committee  further  reinforced  by  some  of  the  treating 
specialties  from  Committee  17  not  presently  on  Committee  3,  we  are  confident  that  the 
job  still  ahead  will  be  done,  and  with  greater  efficiency  than  would  be  possible  under  the 
previous  two-committee  arrangement. 

Thank  you  again,  Mr.  Fudge.  Your  committee  is  now  excused  with  the  thank-,  of 
the  Association.   [Applausel 

Discussion  on  Economics  of  Railway  Labor 
[For  report  see  Bulletin  561.  ,>i>    481-498.] 

[Nice  President  Beeder  presiding] 

VICE  Pklsimm  BEEDER!  From  the  important  matter  of  tic-  WC  will  now  turn  our 
attention  to  the  all-important  matter  of  labor  economies,  and  I  am  pleased  (••  invite  to 
the   platform   at   this   time   the   officers  and  subcommittee   chairmen   of    Committe 
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Economics  of  Railway  Labor.  The  chairman  of  this  Committee  is  L.  A.  Logins,  chief 
engineer,  Southern  Pacific  Lines  in  Texas  and  Louisiana,  with  headquarters  at  Houston. 

I  know  it  will  be  a  matter  of  special  disappointment  to  Committee  22  that  we  can- 
not get  all  70  of  its  members  up  here  at  the  speaker's  table  as  in  past  years;  but  since 
this  is  impossible,  I  would  be  pleased  if  the  members  of  the  committee  not  invited  to 
the  speaker's  table  would  come  forward  and  occupy  the  vacant  seats  here  in  the  front 
of  the  room. 

Mr.  Loggins,  you  may  proceed. 

Chairman  L.  A.  Loggins:  Mr.  Vice  President,  members  and  guests: 

The  report  of  Committee  22 — Economics  of  Railway  Labor,  appears  in  Bulletin 
561,  pages  481  to  498  incl.  We  will  report  on  nine  assignments.  The  reports  have  been 
condensed  to  conserve  time  here. 

Assignment  1 — Revision  of  Manual. 

The  report  on  Assignment  1  will  be  given  by  Subcommittee  Chairman  W.  W.  Hay, 
professor  of   railway   civil  engineering,  University  of  Illinois. 

Prof.  W.  W.  Hay:  Your  committee  submits  for  adoption  the  following  recommenda- 
tions with  respect  to  revision  of  the  Manual,  for  which  the  necessary  two-thirds  vote  of 
approval  by  the  committee  has  been  obtained.  The  major  intent  of  these  revisions  is  to 
include  reference  to  highway  trailers  in  the  recommendations. 

Pages  22-1-4  to  22-1-7,  incl.,  Outfit  Cars  for  Housing:  reapprove  with  the  following 
revisions: 

Change  the  heading  to  read  "Outfit  Cars  and  Trailers  for  Housing." 

Revise  the  first  sentence  to  read:  "The  following  suggestions  are  presented  as  a  guide 
for  the  design  and  operation  of  outfit  cars  and  trailers." 

Under  Sec.  A,  Design,  add  an  item  15  reading:  "Trailers  used  for  outfit  housing 
should  conform  to  the  foregoing  recommendations  insofar  as  they  apply." 

Under  Sec.  B,  Operation,  item  1,  insert  the  words  "and  trailers"  after  "outfit  cars" 
so  that  the  first  sentence  will  read:  "1.  Outfit  cars  and  trailers  should  be  kept  in  a  clean 
and  sanitary  condition,  in  accordance  with  recommendations  of  Committee  13 — Water, 
Oil,  and  Sanitation  Services." 

On  page  22-1-5:  In  item  2,  insert  "and  trailers"  after  "outfit  cars"  and  insert  the 
words  "local"  requirements  and  for  "between  "for"  and  "the"  which  precedes  "safety." 
The  revised  version  will  read:  "2.  Outfit  cars  and  trailers  should  be  located  with  regard 
for  local  requirements  and  for  the  safety,  comfort,  and  convenience  of  occupants." 

Delete  Sec.  C.  Plans,  appearing  on  pages  22-1-5  through  22-1-7. 

Mr.  Vice  President,  I  move  that  these  recommendations  be  adopted. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Prof.  Hay:  Your  committee  recommends  that  the  material  entitled  "Equated  Values 
for  Labor  Distribution,"  page  22-2^1,  be  reapproved  without  change. 

Mr.  Vice  President,  I  move  that  this  recommendation  be  adopted. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  2 — Analysis  of  Operations  of  Railways  That  Have  Sub- 
stantially Reduced  the  Cost  of  Labor  Required  in  Maintenance  of  Way 
Work. 

Chairman  Loggins:  The  report  on  Assignment  2  will  be  given  by  Subcommittee 
Chairman  R.  G.  Simmons,  general  roadmaster,  Chicago,  Milwaukee,  St.  Paul  &  Pacific 
Railroad. 
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R.  G.  Simmons:   Mr.  Vice  President,  members  of  the  Association  and  Guests: 

Our  report  this  year  is  the  19th  of  a  series,  and  is  submitted  as  information.  The 
current  study  covers  a  fully  mechanized  surfacing  operation  on  the  Canadian  Pacific 
Railway;  also  a  study  of  the  construction  of  the  Montreal  yard  on  the  Canadian  Na- 
tional Railways.  Committee  22  made  a  trip  to  Montreal  in  July  1960,  for  the  purpose 
of   viewing  these  two  operations. 

At  the  time  of  the  committee's  inspection,  the  Canadian  Pacific  had  set  up  a  pro- 
gram to  surface  240  miles  of  rock-ballasted  track  in  1960.  To  carry  out  this  work  two 
small  surfacing  gangs  were  used.  Each  gang  was  fully  mechanized  with  tamping  power 
jack,  surface  line  indicator,  midget  surfacer,  power  tamper,  track  liner,  line  wire 
indicator  and  one  ballast  regulator.  The  personnel  to  operate  each  gang  consisted  of  one 
foreman,  three  machine  operators  and  six  laborers.  It  was  the  plan  to  surface  another 
240  miles  during  1961.  The  480  miles  will  then  be  surfaced  on  a  two-year  cycle. 

The  Canadian  Pacific  Railway  has  made  extensive  study  of  mechanized  procedures 
and  should  realize  substantial  economies.  Committee  22  expresses  its  appreciation  for  hav- 
ing been  given  the  opportunity  to  visit  this  interesting  operation  on  the  Canadian  Pacific. 

Your  committee  then  moved  back  to  Montreal  where  the  Canadian  National  Rail- 
ways new   Montreal  yard   was  under  construction. 

In  1951  a  terminal  design  team  was  organized  to  study  terminal  planning  The  team 
consisted  of  men  from  the  operating,  engineering  and  economic  departments. 

A  system-wide  traffic  flow  study  was  made.  Based  on  this  study,  a  series  of  key 
hump-  and  flat-switching  yards  were  pinpointed  for  development.  The  flat  yards  are 
now  approaching  completion,  and  the  hump  yards  at  Moncton,  Toronto,  Montreal  and 
Winnipeg  are  under  way.  The  new  yard  at  Montreal  will  receive  between  80  and  100 
trains  and  transfers  every  24  hr. 

Montreal  yard  includes  a  receiving  yard,  two  departure  yards,  three  classification 
yards — two  for  main  line  and  one  for  local  traffic — a  diesel  maintenance  shop,  a  repair 
yard,  a  car  cleaning  yard,  a  hold  yard  for  customs  inspection,  a  maintenance  of  way 
yard,  and  a  storage  yard,  as  well  as  icing  facilities  and  caboose  yards. 

The  design  is  unique  in  that  it  consists  of  two  humps,  side  by  side,  with  a  third 
hump  beyond  the  main  hump  for  the  remarshalling  of  local  and  wayfreight  cars.  Thus, 
it  contains  122  hump  classification  tracks  and  over  160  miles  of  track  which,  along  with 
all  other  facilities,  makes  it  one  of  the  largest  hump  classification  yards. 

For  the  construction  of  Montreal  yard,  the  railway  track  gangs  were  completely 
mechanized.  Gravel  ballast  was  removed  from  rails  cars  by  side-dump  front-end  loaders 
and  then  spread  by  on-track  spreaders  and  bulldozers.  Rock  ballast  was  dumped  from 
ballast  cars.  Ties  were  delivered  in  bundles  and  trucked  to  the  site. 

The  selection  of  materials  to  be  used  in  the  yard  was  made  with  a  view  to  saving 
future  maintenance  cost  through  standardizing  the  materials  as  much  as  possible.  Rail 
of  U2-lb  section  was  laid  on  the  dual  and  local  hump  tracks.  Jointed  rail  of  130-lb 
section  was  laid  in  all  entrance  and  exit  tracks.  All  classification  tracks  are  laid  with 
100-lb  rail  welded  into  500-ft  lengths.  The  receiving  and  departure  yard-  are  laid  with 
100-lb  rail;   storage,  cleaning  and  repair  yards  with  80-lb  rail. 

Switches  were  standardized  to  No.  8  and  No.  10  turnouts  and  No.  6-8-10  lap 
switches.  All  power-operated  switches  in  the  entrances,  exits  and  classification  yards  arc 

marie   of    132-lb    rail    while   the   remaining   Switches  an-   made  of    100-lb   rail 

In  grading  Montreal  yard  and  its  entrances,  the  roadbed  shoulders  in  cuts  were 
made  considerably  wider  than  standard  to  aid  in  snow  removal  The  embankments  were 
also  made  wider  than  standard  to  maintain  a  working  and   walking  spao 
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A  comprehensive  drainage  system  has  been  installed  in  the  yard,  with  pipes  rang- 
ing in  size  from  12  to  84  in.  in  diameter.  The  ballast  section  for  all  tracks  in  the  yard 
consists  of  1  ft  of  gravel  sub-base  covered  with  1  ft  of  crushed-rock  ballast  for  greater 
track  stability. 

The  greatest  activity  in  Montreal  yard  will  take  place  in  the  hump  areas.  The 
retarders  and  scale  foundations  are  supported  on  piles. 

The  yard  lighting  system  is  of  the  most  modern  design. 

All  buildings  will  require  little  or  no  maintenance  because  of  their  structural  and 
architectural  features  as  well  as  the  quality  of  materials  used  in  their  construction. 

Snow  fighting  is  always  a  problem  to  be  faced  in  Montreal.  Power  switches  will  be 
kept  clear  of  snow  with  automatically  controlled  banks  of  switch  heaters.  Ballast  regu- 
lators with  v-blades  will  plow  snow  to  the  side  and  will  be  followed  by  track  brooms 
which  will  sweep  the  leads  clean. 

The  Canadian  National  Railways  has  designed  and  built  a  very  outstanding  retarder 
yard  as  the  result  of  detailed  study  and  planning. 

It  is  the  opinion  of  the  committee  that  through  standardization,  design  and  con- 
struction the  Canadian  National  Railways  should  realize  many  economies.  Committee  22 
again  thanks  the  officers  of  the  Canadian  National  Railways  for  making  it  possible  for  us 
to  visit  their  project  at  Montreal. 

Assignment  3 — Labor  Economies  Resulting  From  Mechanization  and 
Stabilization  of  Track  Maintenance  Forces;  Requirements  for  Completely 
Training  and  Equipping,  and  Programming  and  Scheduling  of  Work  of 
Mechanized   Track  Maintenance  Force. 

Chairman  Loggins:  The  report  on  Assignment  3  will  be  given  by  Subcommittee 
Chairman  W.  M.  S.  Dunn,  staff  assistant  to  chief  engineer — system,  Chesapeake  &  Ohio 
Railway. 

W.  M.  S.  Dunn:  A  final  report  on  this  assignment  was  published  in  Bulletin  561, 
December  1960,  pages  489  to  491,  incl.  In  general  the  data  contained  in  this  report  cover 
the  15-year  period  1946  to  1960,  incl.,  and  indicates  that  during  this  period  manufac- 
turers of  railroad  equipment,  with  the  help  of  railroad  maintenance  engineers,  have 
developed  machines  which  have  had  marked  economic  impact  on  the  economies  of 
maintenance  of  railroad  properties. 

The  report  also  indicates  that  maximum  use  of  available  machines  to  perform 
maintenance  work  is  mandatory. 

The  report  also  used  data  supplied  by  reporting  roads  to  develop  a  formula  which 
is  representative  of  the  effects  of  investment  in  track  maintenance  equipment  and  work 
force  reorganization  which  measures  labor  productivity  in  man-hours  per  mile  of  track 
by  employing  the  methods  of  multiple  regression. 

Your  committee  submits  this  final  report  as  information. 

Assignment  4 — Labor  Economies  to  Be  Derived  From  the  Use  of  Mod- 
ern Equipment,  Optimum  Treating  Programs,  and  the  Most  Efficient  Chem- 
icals for   Control  of   Vegetation,  Collaborating  with  Committee  1. 

Chairman  Loggins:  The  report  on  Assignment  4  will  be  presented  by  Subcom- 
mittee Chairman  H.  E.  Wilson,  assistant  chief  engineer  system,  Santa  Fe. 

H.  E.  Wilson:   Your  committee  submits  this  final  report  as  information: 

Equipment  used  consists  of  spray  cars  handled  by  work  trains,  self-propelled  spray 
cars,  spray  cars  towed  by  motor  cars,  and  mechanical  or  hand-operated  spreaders  for 
dry  chemicals. 
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The  costs  reported  for  chemical  weed  control  vary  so  widely  that  an\  average  cost 
quoted  would  be  meaningless.  The  labor  cost  for  application  varies  from  0.25  man-hours 
per  mile  for  a  strip  22  ft  wide,  to  3.00  man-hours  per  mile  for  a  strip  16  ft  wide.  The 
chemical  cost  varies  from  $23.00  to  $75.00  per  mile  for  a  strip  16  It  wide. 

Cost  for  vegetation  control  around  bridges  varies  from  0.05  man-hours  labor  and 
$0.23  for  chemical  per  100  sq  ft,  to  0.25  man-hours  and  $6.48  for  chemicals. 

Various  mixtures  of  chlorates,  borates,  and  chlorides  are  the  most  commonly  used 
chemicals  for  weed  control.  For  brush  control  2-4-D,  2-4-5T  ester  and  ammates  are 
almost  universally  used.  The  amounts  per  acre  vary  according  to  vegetation,  density  of 
growth,  climate  and  rainfall. 

Means  of  vegetation  control,  other  than  chemical,  consist  of  on-and  off-track  mow- 
ing, burning,  disking  and  with  bulldozers.  Few  reports  of  comparative  costs  were  re- 
ceived, but  those  reporting  indicate  on-track  mowing  and  burning  generally  cost  more 
than  chemical,  and  results  are  not  as  satisfactory. 

As  to  labor  economies  to  be  derived  from  effective  control  of  vegetation  by  chem- 
icals, no  specific  information  was  developed.  A  typical  statement  is:  "There  are  definite 
economies;  however,  it  is  rather  difficult  to  arrive  at  concrete  figures." 

Some  of  the  labor  economies  to  be  derived  from  proper  vegetation  control  are: 

(1)  Control  of  vegetation  by  chemicals  costs  less  than  cutting  by  hand,  on-track 
mowing  or  burning.  With  present  day  costs,  hand  cutting  is  out  of  the  question. 

(2)  Elimination  of  vegetation  from  the  ballast  improves  drainage,  decreases  fouling 
of  ballast,  increases  life  of  ties,  and  permits  longer  cycles  of  resurfacing  and  renewal 
of  ballast.  Track  work  such  as  tie  renewals,  spotting,  or  surfacing  can  be  performed  at 
less  cost  if  track  area  is  free  of  weeds. 

(3)  Improved  appearance  of  a  track  free  of  weeds  is  an  intangible  benefit,  but 
certainly  a  desirable  one. 

(4)  Elimination  of  vegetation  around  timber  trestles  costs  much  less  by  chemicals 
than  by  hand  "scuffing"  and  is  cheap  fire  insurance. 

(5)  On  a  track  free  of  vegetation  trainmen  can  more  easily  inspect  their  trains  and 
can  detect  hot  boxes  or  dragging  equipment  on  curves  when  such  would  not  be  possible 
if  track  area  and  embankment  shoulders  are  covered  with  weeds. 

Assignment  5 — Labor  Economies  to  Be  Effected  Through  Use  of  Power 
Tools   and   Mechanized   Equipment  by  Bridge   and  Building   Gangs. 

Chairman  Locgins:  The  report  on  Assignment  5  will  be  presented  by  Subcommittee 
Chairman    W.    E.    Chapman,    chief   engineer — maintenance.   Central   of   Georgia    Railwaj 

W.  E.  Chapman:  On  heavy-traffic  line  and  in  a  through  truss  bridge  of  consider- 
able length,  the  use  of  a  roller  conveyor  applied  to  the  outer  edge  of  the-  ties  for 
handling   new  and   old   bridge   ties  has  proven   very   economical. 

The  roller  conveyor  is  installed  from  a  car  of  new  ties  through  the  point  <>f 
application  to  a  car  for  the  old  ties  for  disposal.  Original  work  started  with  2 A  B  fi  B 
men  and  six  track  men,  installing  70-80  ties  daily  at  an  average  cost  of  $5.50  each 
After  the  installation  of  the  conveyor,  15  H  \  B  men  and  6  track  men  installed  180-200 
pre-dapped  ties  daily  at  a  cost  of  $1.50  per  tie. 

Motor  bugs  for  handling  wet  concrete  from  read)  mi\  truck  to  point  ol  u-e-  in  re- 
stricted places  move  material  at  about  25  percent  reduction  in  man-hours  required  per 
cubic  yafd  moved. 

Lowering  track  in  tunnels  under  traffic  in  rock  of  -hale'  or  -late-  class  or  less,  can 
have  cost  of  same  reduced  by  about  33  percent  by  USC  ol  the  following  equipment  and 
method: 
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a.  Undcrcutter  for  plowing  material  in  track  to  sides  of  tunnel. 

b.  Special  loader  for  following  undercutter  which  loads  and  hauls  material  to 
waste  dump. 

c.  A  battery  of  broaching  drills  broach  out  a  ditch  about  2  ft  wide  on  each  side 
of  tunnel.  Hydraulic  rock  jacks  are  used  to  break  off  1  -ft  pieces  of  rock  2  ft 
wide  and  these  are  loaded  into  cars. 

d.  Immediately  following  the  opening  of  the  ditch,  preframed  forms  containing 
prefabricated  reinforcing  steel  for  curbs  or  retaining  walls  are  set.  High-early- 
strength  concrete  is  used. 

Considerable  economy  is  being  derived  from  special  concrete  saws  for  removing  old 
concrete  from  buildings  or  roads.  Both  abrasive  or  diamond  cut-off  saws  are  used. 
Savings  of  30  percent  over  old  methods  of  removing  concrete  are  being  made. 

This  report  is  submitted  as  information. 

Assignment  6 — Relative  Economies  to  Be  Derived  Through  the  Use  of 
Tie  Pads  in    Various   Locations  and   Under   Varying   Circumstances. 

Chairman  Loggins:  The  report  on  Assignment  6  was  to  have  been  presented  by 
Subcommittee  Chairman  R.  H.  Carpenter,  engineer  maintenance  of  way,  Missouri  Pacific 
Railroad.  Mr.  Carpenter  was  called  away,  and  asked  that  I  present  the  report  for  him. 

There  were  four  locations  reported  that  indicated  possibilities  of  labor  economies, 
namely,  open-deck  bridges,  insulated  joints,  public  highway  crossings  (including  paved 
areas  in  streets)   and  railroad  crossings 

From  the  replies  received  it  may  be  concluded  that  these  tie  pad  installations,  in 
most  cases,  are  too  recent  to  evaluate  the  labor  economies  possible. 

It  is  recommended  that  the  subject  be  discontinued. 

Assignment  7 — Labor  Economies  in  Track  Maintenance  to  Be  Derived 
Through  the  Use  of  Combination  On-Off-Track  Equipment  vs.  On-Track 
Equipment  Only. 

Chairman  Loggins:  A  questionnaire  has  been  distributed  and  information  is  being 
assembled  by  the  subcommittee  under  Chairman  T.  L.  Kanan,  assistant  engineer — track, 
Colorado  &  Southern  Railway.  A  report  will  be  made  on  this  assignment  next  year. 
I  want  to  recognize  the  subcommittee  chairman,  Mr.  Kanan. 

Assignment  8 — Labor  Economies  to  Be  Derived  from  the  Welding,  Dis- 
tributing, Laying  and  Maintenance  of  Continuous  Welded  Rail,  Collaborat- 
ing with  Special  Committee  on  Continuous  Welded  Rail. 

Chairman  Loggins:  Questionnaires  were  sent  out  and  some  replies  have  been  re- 
ceived. After  conferring  with  representatives  of  the  Special  Committee  on  Continuous 
Welded  Rail,  a  progress  report  will  be  submitted.  Subcommittee  Chairman  H.  M.  Wil- 
liamson, chief  engineer,  Southern  Pacific  Company,  was  unable  to  attend  this  meeting. 

Assignment  9 — Labor  Economies  to  Be  Derived  Through  Use  of  Newly 
Developed  Track  Lining  and  Track  Surfacing  Aids  and  Equipment  Com- 
pared to  Former  Methods  of  Lining  and  Surfacing. 

Chairman  Loggins:  The  report  on  Assignment  9  will  be  given  by  Subcommittee 
Chairman  H.  C.  Minteer,  division  engineer,  Milwaukee  Road. 

H.  C.  Minteer:  Mr.  Vice  President,  Chairman  Loggins,  members  and  guests: 
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In  order  to  develop  information  on  the  assigned  subject  "Labor  economies  to  be 
derived  through  the  use  of  newly  developed  track-lining  and  track-surfacing  aids  and 
equipment  compared  to  former  methods  of  lining  and  surfacing",  questionnaires  were 
sent  to  a  total  of  63  railroads.  I  am  pleased  to  report  that  76  percent  or  48  road*-,  replied 
to  the  questionnaire,  which  is  an  indication  of  the  interest  in  the  subject. 

The  information  gathered  indicated  that  practically  all  reporting  roads  had  gone  to 
mechanization  of  track  lining  and  surfacing  operations  to  some  degree. 

The  study  developed  that  use  of  power-driven  lining  equipment  reduced  the  labor 
force  repaired  to  line  track  from  approximately  12  individuals  to  3  individuals,  while 
the  number  of  feet  lined  per  8-hour  shift  was  increased  about  30  percent.  It  should  be 
remembered  that  the  number  of  feet  lined  usually  depends  on  the  progress  of  the  sur- 
facing operation. 

With  respect  to  the  use  of  power-driven  tamping  jacks  and  production  tampers, 
it  was  developed  that  a  mechanized  gang  approximately  one-half  the  size  of  gangs 
formerly  used  surfaced  approximately  twice  as  much  track. 

This  report  is  submitted  as  information. 

Introduction  of  Special  Feature 

Chairman  Loggins:  Our  special  feature  will  be  an  address  by  C.  J.  Henry,  chief 
engineer,  Pennsylvania  Railroad.  Mr.  Henry  was  born  December  1,  1900,  at  Youngville. 
Pa.  He  completed  high  school  at  Youngville  and  received  a  degree  in  Civil  Engineering 
from  the  University  of  Cincinnati. 

Mr.  Henry  entered  railroad  service  on  July  18,  1918,  as  a  trackman  for  the  Penn- 
sylvania at  Cincinnati.  He  then  worked  as  a  rodman  for  the  Baltimore  &  Ohio  and  for 
the  CCC&StL,  returning  to  the  Pennsylvania  as  a  rodman  in  1923.  He  served  in  various 
capacities  from  rodman  to  division  engineer  until  he  was  made  superintendent  in  1942, 
serving  as  superintendent  of  freight  transportation,  and  superintendent  until  1947.  He  was 
assistant  chief  engineer.  Eastern  Region,  1947-1953;  chief  engineer.  Eastern  Region  until 
1955;  assistant  chief  engineer — construction,  until  1956.  when  he  was  appointed  to  his 
present  assignment  as  chief  engineer — system. 

Mr.  Henry  will  talk  on  "Economics  of  Present-Day  Track  and  Structures  Budgets.*1 
Mr.  Henry. 

The  Economics  of  Present-Day  Track  and  Structures  Budgets 

By  C.  J.  Henry 

Chief    Engineer,    Pennsylvania    Railroad 

The  maintenance  of  railroad  tracks  and  structures  for  the  safe  and  efficient  trans- 
portation of  passengers  and  freight  traffic  is  the  responsibility  of  each  railroad'--  engineer- 
ing department.  With  railroad  traffic  volume  on  the  decline,  and  at  the  same  time  wages, 
materials,  fringe  benefits  and  tax  costs  on  the  increase,  the  engineer's  problem  of  doing 
with  one  dollar  what  some  others  do  with  two  is  becoming  more  complex 

I  will  outline  the  problem  and  list  some  of  the  factors  to  be  considered  in  reaching 
a  solution.  Perhaps  I  maj  be  considered  a  bit  presumptions,  for  undoubtedly  there  are 
many  solutions,  but  what  I  will  say  are  m>  own  thoughts  on  the  subject,  which  reminds 
me  of  a  man  who  at  one  time  ran  the  local  sawmill  in  my  home  town  Each  da)  at 
11:30  am,  he  called  the  telephone  operator  and  asked  for  the  exacl  time  After  thi-  had 
been  going  on  for  about  a  year,  the  CUliosit)    ol    the  operator  gOl    the  best   oi   her.  and 
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she  asked  why  he  made  the  same  request  each  day.  The  man  explained  he  was  the  fore- 
man of  the  sawmill,  and  one  of  his  duties  was  to  blow  the  whistle  precisely  at  12  noon. 
The  girl  laughed  and  said,  "Isn't  that  something,  I  set  the  clock  by  your  whistle." 

The  problem  is  the  same  each  year,  and  may  be  stated  simply  as,  "how  much  will 
be  allotted  for  maintenance,  and  how  much  will  be  allotted  for  capital  improvements." 
The  answers  to  these  questions  determines  the  extent  and  type  of  the  programs,  the 
orderly  purchase  of  materials,  their  use,  the  steady  employment  of  workmen,  and  the 
control  of  inventories. 

From  the  viewpoint  of  management  responsible  for  providing  the  cash,  and  at  the 
same  time  for  making  a  profit  from  the  operations,  the  expenditure  for  maintenance 
must  be  limited  to  the  needs  of  the  traffic  handled.  When  the  amount  to  be  spent  has 
been  determined,  the  work  of  the  engineering  department  in  deciding  where  and  how 
really  begins.  Since  the  traffic  volume  is  the  most  important  factor  in  determining  the 
maintenance  budget,  and  at  the  same  time  influences  the  type  of  maintenance  treatment, 
comparative  graphs  showing  traffic  volumes  and  maintenance  expenditures  over  the  past 
10  years  for  the  system  and  its  component  parts  are  helpful  in  the  preparation  of  pro- 
grams. The  more  or  less  fixed-cost  items  such  as  depreciation,  regional  and  system  over- 
head, health  and  welfare  programs,  injuries  to  persons  and  emergencies  must  be  given 
first  preferences,  following  which  the  amounts  for  materials,  ordinary  maintenance,  de- 
tector cars,  machinery  repairs,  ballast  cleaning,  dredging,  bridge  repairs,  dock  repairs, 
clearance  cars,  rental  of  machinery,  weed  and  brush  control,  communications  and  signals, 
and  expense  charges  incident  to  new  work  or  capital  expenditures  are  considered. 

The  fast  changing  patterns  of  railroad  traffic  are  an  important  factor  in  the  admin- 
istration of  any  maintenance  budget.  For  example,  the  traffic  graph  for  a  particular 
district  may  show  20  million  gross  tons  10  years  ago,  but  in  the  recent  years  a  steady 
decline  is  indicated,  and  the  most  recent  year  indicates  only  3  million  gross  tons.  Under 
such  conditions  it  appears  prudent  to  determine  the  answers  to  the  questions:  What  is 
the  future  of  this  district? — What  will  it  be  like  five  years  from  now? — Are  there  any 
portions  of  the  district  that  may  be  abandoned? — Will  the  use  of  materials  salvaged  from 
abandonments  suffice  for  maintenance? — Should  cycle  maintenance  methods  be  continued, 
or  should  such  hold-the-line  techniques  be  adopted  as  spotting  the  joint  ties,  spot  sur- 
facing, cropping  rail  in  track,  patrol  inspection  augmented  by  skirmish  gangs  housed  in 
camp  cars  or  highway  trailers?  On  the  other  hand  the  traffic  may  be  increasing  in  cer- 
tain districts  or  schedules  are  being  stepped  up  to  meet  competitions,  and,  of  course  this 
requires  a  different  kind  of  treatment.  Thus  the  maintenance  officer  must  not  only  have 
the  knowledge  of  maintenance  methods,  their  costs,  and  where  to  apply  them,  but  he 
must  also  be  somewhat  of  a  crystal-ball  gazer  to  assist  the  management  in  pruning  dead 
branches  from  the  trunk,  and  in  anticipating  what  parts  of  the  system  should  be 
maintained  status  quo,  and  which  should  be  upgraded. 

Programming  calls  for  directed  teamwork,  knowledge  of  all  parts  of  the  railroad, 
knowledge  of  costs,  machines  and  methods.  It  is  not  a  one-man  job,  but  rather  one  in 
which   each   responsible  supervisor  must  participate. 

A  methods-and-cost-control  system  is  a  must  in  determining  the  unit  costs  so  neces- 
sary in  the  preparation  of  programs.  The  basic  information  for  cost  controls  can  originate 
from  the  daily  labor  distribution  reports  made  out  by  the  foreman  of  each  gang  doing 
track,  bridge,  building,  signal,  communications  and  catenary  work.  The  daily  labor  dis- 
tribution report  may  be  key  punched  on  IBM  cards  and  processed  by  the  accounting 
department.   Each   foreman,   supervisor,   district   engineer,   regional  engineer  and  system 
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officer  can  then  be  furnished  monthly,  quarterly,  and  an  annual  statement  of  production 
and  time  expressed  in  man-hours  for  each  type  of  work  performed. 

Method  studies  are  most  helpful  in  increasing  productivity.  These  studies  are 
intended  for  the  simplification  of  work.  First  a  study  is  made  using  one  or  more  of  the 
available  techniques  to  determine  the  actual  time  required  for  each  part  of  a  job.  This  is 
broken  down  into  sufficient  detail  to  permit  a  complete  analysis  of  the  process.  The 
information  can  then  be  plotted  on  charts  to  determine  how  unproductive  time  may  be 
reduced.  A  motion-picture  camera  is  helpful  for  time  studies,  and  is  especially  valuable 
for  studying  gangs  which  otherwise  would  require  several  observers  with  stop  watches. 

From  the  methods-and-cost-control  data,  it  is  possible  to  obtain  costs  for  every 
type  of  expense  on  each   district. 

Selection  of  the  proper  machine  for  each  type  of  work  plays  an  important  part  in 
production.  At  the  same  time,  machine  depreciation  or  obsolescence,  maintenance  and 
operating  costs  have  their  effect  on  expenditures.  Experience  is  the  best  guide  in  selecting 
the  type  of  machine  for  the  particular  location  and  type  of  work.  A  selected  group  from 
each  department,  given  specific  assignments  to  observe  machines  in  operation,  have  been 
found  to  be  helpful.  Cost  records  by  machine  establishes  the  maintenance  experience  for 
each  type,  and  also  the  time  between  overhauls  can  be  determined  in  miles  of  production. 
Training  machine  operators  and  maintenance  engineers  is  important  in  keeping  unit 
costs  under  control.  Here  again  experience  is  the  most  important  factor.  Classes  in 
machine  care  and  maintenance  are  necessary  and  many  manufacturers  of  M\V  machines 
have  been  most  helpful  in  this  respect.  The  use  of  the  same  operating  personnel  during 
summer  months  for  repairs  and  overhauling  of  machines  during  off-season  periods  pro- 
vides steady  employment,  reduces  labor  turnover  and  develops  skilled  mechanics.  At- 
tendance at  machinery  exhibits,  such  as  now  in  progress,  is  not  only  a  good  morale 
booster,  but  is  important  to  the  education  of  any  railroad  supervisor  regardless  of  his 
age  or  department. 

AREA  committee  work  is  important  in  the  training  of  any  maintenance  officer, 
provided  he  will  enter  wholeheartedly  into  the  discussions  and  work  of  the  commit  tee-. 
and,  if  each  assignment  is  approached  from  the  viewpoint  of  lowering  costs  and  increas- 
ing production,  it  cannot  help  but  result  in  honest  discussions  and  varied  opinions  so 
necessary   for  the  development  of  constructive  results. 

There  will  always  be  a  need  for  new  machines.  Some  of  our  needs  arc  a  device  for 
inspecting  track  that  will  record  gage  and  cross  level  conditions  and  operate  over  traek- 
at  an  average  speed  of  8  mph ;  a  machine  that  will  tighten  bolts  at  a  rate  of  1  mph ; 
brush-cutting  machines  adaptable  for  use  on  rough  terrain;  a  dependable  soil  -terilant 
that  may  be  applied  at  a  cost  of  $10  per  acre;  a  centralized  traffic  control  system  that 
may  be  installed  for  $5000  per  mile;  a  dependable  snow-melting  device  for  switches 
that  will  function  in  winds  of  25  mph  and  sub-zero  temperature-;  unproved  welding 
machines  for  bridge  repairs;  off-track  tamping  equipment  -these  are  only  a  tew  oi  our 
immediate  requirements. 

Research  and  tests  are  a  must  for  the  railroad  industry.  Perhaps  a  small  selected 
group  from  representative  railroad-  working  under  the  direction  of  personnel  experj 
enced  in  research  and  industrial  engineering  method-,  collaborating  with  manufacturers 
could  lessen  individual  road  costs  for  research,  more  widely  disperse  constructive  infor- 
mation, and,  at  the  same  time,  tend  to  standardize  method-,  machine-  and  materials 
throughout  the  industry. 

The  completion  of  the  program  within  the  year  i-  a  very  necessary  part  in  the 
administration  of  any   budget,  and   this  i^  the   responsibilit)    of  each   maintenance    officer 
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from  the  supervisor  to  the  chief  engineer.  This  phase  of  the  work  cannot  be  done  by- 
remote  control.  On-the-ground  contact  with  the  forces  actually  performing  the  work  is 
beneficial  for  all  concerned,  and  establishes  a  line  of  communication  that  produces 
results. 

Briefly  summed  up,  present-day  maintenance  budgets  are  fluid — subject  to  changes 
without  notice.  This  condition  will  exist  until  the  roads  through  the  medium  of  im- 
proved service  reverse  the  trend.  In  the  meantime  it  is  the  engineer's  job  to  maintain 
the  track  and  structures  in  a  tolerable  status.  His  tools  are  his  own  resourcefulness,  re- 
search, machines,  arranging  his  programs  to  fit  the  needs  of  the  traffic  and  the  ability 
to   follow  through   to  a  successful  conclusion. 

Summing  up  the  summation — A  present  day  budget  may  be  defined  as  a  method 
of  worrying  before  you  spend,  instead  of  afterward.   [Applause] 


Chairman  Logginss  Thank  you,  Mr.  Henry,  for  a  most  interesting  and  informative 
address. 

As  this  concludes  my  term  as  chairman  of  Committee  22,  I  want  to  express  my 
sincere  thanks  to  the  members  of  the  committee,  especially  the  subcommittee  chairmen, 
for  their  splendid  help  and  cooperation  during  the  past  three  years.  I  also  want  to  thank 
Secretary  Howard  and  his  staff  for  their  excellent  assistance  and  cooperation. 

Our  new  vice  chairman  will  be  J.  S.  Snyder,  assistant  regional  engineer,  Pennsylvania 
Railroad,  Indianapolis,  Ind.,  who  has  been  a  most  loyal  and  dependable  worker.  His 
selection  as  vice  chairman  is  in  recognition  of  the  splendid  work  he  has  done  for  this 
committee.  Mr.   Snyder. 

As  my  last  official  act,  I  take  great  pleasure  in  presenting  my  successor  as  chair- 
man of  Committee  22,  J.  E.  Eisemann,  chief  engineer,  Atchison,  Topeka  &  Santa  Fe  Rail- 
way, Western  Lines.  As  vice  chairman  during  the  past  three  years  he  has  demonstrated 
a  fine  interest  in  and  a  loyalty  to  our  committee,  and  he  will  make  an  outstanding 
chairman.  Mr.  Eisemann. 

Mr.  Chairman,  this  concludes  our  report. 

Vice  President  Beeder:  Thank  you,  Mr.  Loggins  and  the  members  of  your  com- 
mittee, for  the  additional  significant  reports  you  have  presented  on  this  all-important 
matter  of  effective  economies  in  the  use  of  railway  labor,  while  continuing  to  improve 
the  quality  of  our  work. 

Thank  you,  Mr.  Henry,  for  your  informative  addition  to  the  committee's  presenta- 
tion. We  know  that  you  have  given  this  matter  of  economies  in  maintenance  a  tre- 
mendous amount  of  thought,  and  that  under  your  direction  the  Pennsylvania  Railroad 
has  made  great  strides  in  effecting  efficiency  and  economy  in  its  maintenance  operations. 

Mr.  Loggins,  you  have  done  a  fine  job  as  chairman  of  Committee  22  for  the  past 
three  years,  and  both  personally  and  on  behalf  of  the  Association  I  extend  thanks  and 
congratulations.  You  are  now  free  to  take  up  your  larger  responsibilities  as  vice 
president  of  the  Association. 

We  welcome  the  new  chairman  of  your  committee,  Jack  Eisemann,  and  your  new 
vice  chairman,  Mr.  Snyder,  confident  that  they  will  carry  forward  the  important  work 
of  Committee  22  with  ability  and  enthusiasm. 

Mr.  Eisemann,  to  assist  you  in  conducting  the  meetings  of  your  committee  for  the 
next  three  years  I  am  pleased  to  present  you  with  this  chairman's  gavel  bearing  your 
name. 
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Mr.  Loggins,  you  and  your  committee  arc  now  excused  \.v- i t li  the  thanks  ol   the 

Association.   [Applause] 

We   have  an   announcement   to   make.  The  registration   up  to  3  pm   this  afternoon 

was   as   follows:    Total   railroad   men,   1336.   Non-railroad   men,  965.  Grand   total,   2301. 

Discussion  on  Maintenance  of  Way  Work  Equipment 

TFor  report  see  Bulletin  561,  pp.  453-480.] 

[Vice  President  Beeder  presiding.] 

Vice  President  Beeder:  The  last  report  to  come  before  us  today  is  that  of  our 
Committee  27 — Maintenance  of  Way  Work  Equipment.  The  chairman  of  this  committee 
is  F.  L.  Horn,  engineer  of  track,  Terminal  Railroad  Association  of  St.  Louis.  I  will  be 
pleased  if  Mr.  Horn,  his  vice  chairman,  secretary,  and  subcommittee  chairmen  will  come 
promptly  to  the  platform  and  make  their  presentation.  Mr.  Horn,  I  am  pleased  to  turn 
the  meeting  over  to  you. 

[President  Brown  resumed  the  Chair.  | 

Chairman  F.  L.  Horn:  Mr.  President,  members  and  guests  of  the  Association: 

Committee  27  regretfully  announces  the  death  on  July  20,  1960  of  Frank  A. 
Schneider,  equipment  engineer,  Southern  District,  New  York  Central  System,  and  a 
member  of  Committee  27  for  two  years.  A  memoir  is  included  in  the  report  of  the 
committee. 

The  report  of  Committee  27  appears  in  Bulletin  561,  pages  453  to  480  incl.  We  are 
reporting  on  nine  assignments.  Four  final  reports,  three  progress  reports  on  continuing 
assignments,  and  two  brief  statements  of  progress  are  included.  Our  discussion  of  these 
reports  will  generally  be  limited  by  available  time  to  a  brief  summary  of  each  report, 
followed  by  the  introduction  of  the  chairman  of  the  subcommittee  handling  the 
assignment. 

Assignment  1 — Revision  of  Manual. 

Chairman  Horn:  Your  committee  submits  for  adoption  the  following  recommenda- 
tions with  respect  to  Chapter  27  of  the  Manual: 

Page  27-1-1.  Recommended  Colors  for  Painting  Motor  Cars,  Roadway  Machines 
and  Work  Equipment:  Reapprove  without  change. 

Pages  27-1-1  and  27-1-4.  Care  and  Operation  of  Maintenance  of  Way  Equipment 
Reapprove  with  the  following  revision:  Substitute  the  following  for  Par.  8  on  page 
27-i^t:  "8.  Shops  for  the  repair  of  roadway  equipment  should  be  centrally  located  and 
entirely  under  the  control  of  the  maintenance  of  way  department.  Modern  shop  equip 
ment  suited  to  the  work  to  be  done  should  be  provided.  A  list  of  desirable  machinery 
and  tools  is  shown  in  the  Proceedings,  Vol.  47,  1946,  pages  186-192;  Vol.  60,  1959.  pages 
461-468.  This  list  may  be  modified  to  suit  conditions  on  any  railroad." 

These  recommendations  are  in  compliance  with  the  wish  of  the  Association  to  com- 
plete the  review  and  necessary  revision  of  all  Manual  material  before  the  Manual  i- 
reprinted.  The  revision  offered  merely  up-dates  the  material  to  include  the  report  made 
in   1959. 

Mr.  President,  I  move  that  the  Association  adopt  the  Manual  recommendations 
as  read. 

[The   motion    was  duly    seconded,   was   put    to   a   vote,  and   tarried  | 

Chairman   Horn:    The  chairman   of  the  subcommittee  and   \  i«  <•  chairman   ol    Com 
mittee  27  is  R.  S.  Radspinner,  supervisor,  roadwaj   machines  and  equipment,  Chesapeake 
&  Ohio   Rail  was 
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Assignment  1  (a) — Revision  of  Handbook  of  Instructions  for  Care  and 
Operation  of  Maintenance  of  Way  Equipment. 

Chairman  Horn:  Instructions  for  the  care  and  operation  of  two  machines  and  wire 
devices  for  control  of  surfacing  and  lining  of  track  are  given.  These  machines  and  devices 
have  sufficient  general  distribution  and  use  to  justify  their  inclusion  in  the  Handbook. 
It  is  the  recommendation  of  your  committee  that  this  material  be  included  in  the  next 
revision  of  the  Handbook. 

R.  E.  Berggren,  supervisor,  maintenance  of  way  and  equipment,  Illinois  Central 
Railroad,  is  subcommittee  chairman. 

Assignment  2 — Improvements  to  Be  Made  to  Existing  Work  Equipment. 

Chairman  Horn:  This  is  a  progress  report,  submitted  as  information,  and  is  a  con- 
tinuation of  previous  progress  reports.  Thirteen  machines  are  covered  by  the  report, 
with  from  one  to  six  improvements  offered  on  each  machine.  The  improvements  desired 
have  been  given  to  the  manufacturers  of  the  machine.  All  have  advised  the  committee 
that  they  will  seriously  consider  the  improvements  offered. 

The  chairman  of  the  subcommittee  handling  Assignment  2  is  G.  L.  Zipperian, 
supervisor  of  work  equipment,   Great  Northern  Railway. 

Assignment  3 — Basis  for  Replacement  of  Work  Equipment,  Collaborat- 
ing with  Committee  11. 

Chairman  Horn:  This  is  a  final  report  submitted  as  information.  It  was  found 
impractical  to  devise  a  workable  mathematical  formula  to  serve  as  a  basis  for  deter- 
mining whether  a  unit  of  work  equipment  should  be  replaced.  However,  procedures  are 
suggested  which  should  be  found  useful  on  most  railroads.  A  method  utilizing  adequate 
cost  data  is  also  given  for  possible  use  by  those  roads  having  good  cost  records. 

The  report  is  the  result  of  extensive  discussions  by  your  entire  committee  and  a 
great  deal  of  study  by  the  subcommittee  chairman.  It  merits  careful  study  by  those 
in  managerial  positions. 

N.  W.  Hutchison,  engineer  work  equipment,  Chesapeake  &  Ohio,  is  subcommittee 
chairman. 

Assignment  4 — Power  Tie  Spacing  Machines. 

Chairman  Horn:  This  is  a  final  report  submitted  as  information.  It  covers  the  two 
tie  spacing  machines  being  manufactured  and  marketed  at  the  present  time.  The  features, 
advantages  and  disadvantages  of  each  machine  are  fully  discussed. 

The  subcommittee  chairman  is  R.  M.  Johnson,  supervisor  work  equipment — system, 
Western  Maryland  Railway. 

Assignment  5 — Set-offs  and  Set-off  Attachments  for   Work  Equipment. 

Chairman  Horn:  A  brief  statement  of  progress  is  offered,  as  additional  information 
must  be  developed.  The  subcommittee  chairman  is  R.  W.  Bailey,  engineer,  scales  and 
work  equipment,  Chicago  &  North  Western  Railway. 

Assignment  6 — Field  Repairs   to    Work   Equipment. 

Chairman  Horn:  This  is  a  final  report,  presented  as  information.  It  covers  the 
type  of  field  repairs,  organization  and  personnel  required  for  handling  field  repairs,  and 
the  equipment  and  tools  available  to  the  field  mechanics.  It  is  primarily  a  discussion 
of  practices  in  effect  on  various  railroads. 
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No  definite  recommendations  are  made  due  to  the  variations  found  in  conditions, 
organization,   and  equipment    serviced.   C.   R.   Turner,   supervisor   of    work   equipment, 

Denver  &  Rio  Grande  Western,  is  the  chairman  of  the  subcommittee. 

Assignment  7 — Methods  of  Scheduling  Work  Equipment  Through  Shops 
for  Repairs. 

Chairman  Horn:  This  is  a  final  report  submitted  as  information.  The  report  di- 
cusses  the  factors  which  must  be  considered  in  shopping  work  equipment.  Variation  in 
these  factors  prevent  the  formulation  of  a  method  of  scheduling  to  be  recommended  as 
generally  useful.  However,  information  presented  may  be  adapted  for  use  on  many  rail- 
roads. The  subcommittee  chairman  is  H.  C.  Pottsmith,  superintendent  of  work  equip- 
ment, Milwaukee  Railroad. 

Assignment  8 — Equipment  for  the  Control  and  Performance  of  Jacking 
in  Track  Surfacing  Operations. 

Chairman  Horn:  A  brief  statement  of  progress  is  given.  Rapid  development  in  this 
type  of  equipment,  as  evidenced  by  the  concurrent  equipment  exhibit,  has  made  it 
desirable  to  continue  this  subject.  The  subcommittee  chairman  is  William  Glavin,  district 
engineer,  Pennsylvania  Railroad. 

Introduction  of  Special  Feature 

Chairman  Horn:    This  concludes  the   summary   of   Committee   21   reports   for  this 
year.  If  time  permits  we  will  invite  questions  from  the  floor  on  these  reports  following 
our  special  feature.  We  solicit  subjects  for  further  study  and  research  from  the  member 
ship   of  the  Association,   with   the   thought   that   such  suggestions  would   reflect   currenl 
problems  on  the  railroads. 

Many  Committee  27  members  are  involved  much  of  the  time  in  working  out  new 
machines,  methods  or  techniques.  If  the  new  idea  works  we  take  a  snapshot  or  two  to 
show  at  the  next  committee  meeting;  if  it  doesn't  work,  the  less  said  the  better.  How 
ever,  one  of  our  members  has  been  able  to  view  the  results  of  his  labors  on  the  silver 
screen. 

The  Santa  Fe  has  worked  out  equipment  and  techniques  to  mechanize  the  1<  ading 
and  unloading  of  cross  ties,  and  has  made  a  movie  of  the  resulting  operations.  Cordon  K 
Roberts,  assistant  engineer,  Santa  Fe,  and  a  member  of  Committee  -'7.  was  activelj 
involved  in  working  out  the  methods  and  techniques.  He  has  very  kindly  offend  the 
lil m  and  his  services  as  commentator  to  the  committee  as  a  special  feature  presentation. 
I  should  like  to  introduce  to  you  Mr.  Gordon  E.  Roberts. 

Mr.    Roberts   will   offer   his   comments    from    the   lower   podium.   Those   of   US   on    the 

platform  will  now  descend  into  the  audience  to  view  the  motion  picture,  "Mechanized 

Loading  and  Unloading  of  Cross   Ties  on  the  Santa  F< 

Mechanized  Loading  and  Unloading  of  Cross  Ties  on  the  Santa  Fe 

By  G.  E.   Roberts 

Assistant    Engineer,   Atchison,   Topeka   &   Santa   Fe   Railway 

President  Brown,  Mr  Chairman,  gentlemen,  we  have  a  short  film  on  the  Santa  Fe's 
mechanized  tie  loading  and  unloading  equipment  "in  action"  showing  first,  the  loading 
of  ties  at  our  Albuquerque  treating  plant,  and  then  the  unloading  from  oui  speciallj 
( onstructed  tie  <ars. 

Hull.    -■'•-. 
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This  equipment  and  its  operation  was  described  in  the  April  1959  issue  of  Railway 
Track  &  Structures,  and  in  the  July  1960  number  of  Modern  Railroads.  I  am  sure  most 
of  you  have  read  these  articles,  but  I  do  want  to  give  you  very  briefly  some  general 
information  before  we  show  the  picture. 

The  Santa  Fe  has  two  sets  of  this  tie  equipment — one  set  based  at  the  Albuquerque, 
N.  Mex.,  treating  plant,  and  a  second  set  based  at  the  Somerville,  Tex.  plant.  The  first 
set  was  placed  in  operation  in  December  1958  and  the  second  set  in  July  of  last  year. 

The  loading  equipment  at  each  plant  consists  of  a  device  known  as  the  tie-alineing 
machine,  a  9-ton  fork  lift  to  bring  the  ties  from  the  storage  piles  to  the  tie  aliner,  and  a 
3^-ton  fork  lift  to  pick  up  the  ties  from  the  tie  aliner  and  load  them  in  the  tie  cars. 
These  three  components  of  the  loading  system  you  will  see  in  action,  handling  7-in  by 
9-in  by  9-ft  creosoted  ties. 

Each  of  our  two  strings  of  cars  consists  of  one  ramp  or  rider  car  for  the  tie  unload- 
ing machine,  on  which  the  machine  is  tied  down  during  transit,  in  revenue  trains,  and 
14  tie  cars,  which  were  converted  in  our  Albuquerque  car  shops  from  44-ft  6-in  flat 
cars.  On  each  car  there  are  5  steel  bulkheads,  forming  4  compartments  for  the  ties.  Each 
compartment  contains  8  sets  of  shelves  holding  13  ties  each,  or  104  ties  per  compartment. 
There  are  thus  416  ties  per  car  and  a  total  of  5824  ties  on  the  14  cars.  This  is  more  than 
enough  to  take  care  of  one  mechanized  tie  gang  for  the  average  14-day  cycle  from 
delivery  to  delivery.  Actually,  by  careful  scheduling,  we  have  found  that  the  two  strings 
of  tie  cars  will  take  care  of  three  tie  gangs,  each  inserting  an  average  of  100,000  ties 
per  year. 

Along  the  top  of  the  cars  are  two  strings  of  131-lb  rail,  at  6-ft  10-in  gage,  to  serve 
as  a  track  for  the  tie  unloading  machine  as  well  as  to  tie  the  bulkheads  together  longi- 
tudinally. The  gaps  between  the  cars  are  bridged  by  short,  hinged  bars  to  form  a  con- 
tinuous track  for  the  tie  unloader.  These  drawbridges  are  left  open  during  transit  to  and 
from  the  treating  plants.  Each  compartment  is  provided  with  a  set  of  gates  which  close 
the  ends  of  the  shelves  during  transit. 

As  stated  before,  this  equipment  is  handled  to  and  from  the  treating  plant  in  regu- 
lar revenue  trains.  Unloading,  of  course,  is  handled  by  work  train.  At  the  treating  plant 
the  loading  is  at  the  rate  of  one  car  per  hr,  while  the  unloading  of  the  entire  14  cars 
requires  less  than  8  hr.  When  unloading  on  territory  where  renewals  are  400  ties  per 
mile  the  work  train  moves  at  about  2  mph.  When  unloading  at  200  ties  per  mile  the 
speed  is  about  4  mph. 

The  unloading  crew  consists  of  four  men — the  tie  unloader  operator,  a  spotter  to 
indicate  where  ties  are  to  be  ejected,  a  man  to  handle  the  compartment  gates  and  draw- 
bridges and  a  man  on  the  ground  with  tie  tongs  to  pull  any  ties  in  the  clear  which  may 
land  too  close  to  the  track. 

Communication  between  the  spotter  and  the  machine  operator  is  by  radio. 
We  will  now  show  the  film.  At  its  conclusion,  I  will  be  happy  to  answer  any  ques- 
tion you  may  have. 

[The  motion  picture  was  then  shown.] 


Chairman  Horn:  Thank  you,  Mr.  Roberts,  for  a  very  informative  and  interesting 
presentation.  There  most  certainly  are  a  number  of  questions  that  those  in  the  audience 
have  on  this  subject.  Mr.  Roberts  has  agreed  to  answer  all  that  time  will  permit. 

Mr.  Roberts:  I  would  like  to  add  one  word,  Mr.  Horn.  You  gave  me  entirely  too 
much  credit    for  my  very  humble  part  in  developing  this  machinery.  I  did  work  on  it  a 
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little,  but  not   very  much.  The  entire  credit   goes  to   Mr.   Beedei  ami   Mr.   Blair,  who 

developed   the    idea,    and   to    our   people   in    the    mechanical    department    who    buill    the 
cars  for  us. 

Thank  you.  [Applause] 

Chairman  Horn:  Thank  you  again,  Mr.  Roberts.  I  also  wish  to  express  the  appre 
ciation  of  Committee  27  to  the  management  of  the  Santa  Fe  for  permitting  this  showing 
of   their   film. 

Mr.  President,  this  concludes  the  presentation  of  Committee  27.  We  trust  that  the 
information  presented  has  been  of  interest  to  those  present  and  of  value  to  the  railroad 
industry. 

President  Brown:  Thank  you,  Mr.  Horn  and  your  committee,  for  another  series 
of  interesting  and  informative  reports.  Our  Association  looks  to  your  committee  to  keep 
us  currently  up  to  date  on  all  of  the  important  developments  in  power  tools  and 
machines  so  essential  to  our  work,  and  as  to  the  best  practices  in  the  maintenance  and 
repair  of  this  equipment.  We  are  sure  it  will  continue  its  good  work  to  this  end  in  the 
year  ahead. 

We  appreciate  your  bringing  to  us  the  Santa  Fe's  film  on  mechanized  loading  and 
unloading  of  cross  ties,  and  we  greatly  appreciate  Mr.  Roberts'  accompanying  comments. 

Mr.  Horn,  you  and  your  Committee  are  now  excused  with  the  thanks  of  the 
Association.  [Applause] 

Gentlemen,  the  report  of  Committee  27  completes  our  program  for  today,  which 
I  am  sure  you  will  agree  has  been  a  most  interesting  and  profitable  one. 

Before  adjourning  this  session,  I  would  remind  you  that  we  will  reconvene  our  annual 
meeting  tomorrow  morning  promptly  at  9  am  in  the  Banquet  Room,  where  we  will 
receive,  in  order,  the  reports  of  our  Committees  on  Roadway  and  Ballast ;  Track ;  Rail ; 
and  Continuous  Welded  Rail,  closing  with  the  final  business  session  and  the  installation 
of  our  officers  for  the  ensuing  year. 

I  hope  we  can  have  a  good  attendance  tomorrow  morning.  You  might  pass  the  word 
along.  Not  only  are  there  very  important  committee  reports  to  be  given  in  the  morning, 
but  also  I  think  a  good  attendance  is  due  the  officers  who  will  govern  this  Association 
for  the  ensuing  year. 

The  meeting  is  adjourned  until  9  am  tomorrow. 

[The  meeting  adjourned  at  5:40  pm.] 

Morning  Session,   March  9,   1961 

[The  final  session  convened  at  9:05  am,  President   Brown  presiding.] 
President    Broun:    Gentlemen,   the   meeting  will   come   to   order. 
This  begins  the  last  of  the  technical  sessions  of  our  60th  Annual  Meeting,  and  with 
four    or    our    committees    still    to    be    heard    from    it    is    important    that    we    gel    started 
promptly    and   keep    moving   if   we   are    to    begin    our   closing    business    session    at    noon, 
which  we  hope  to  do,  with  adjournment  by  12:.<0  pm  at  the  lati 
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Discussion  on  Roadway  and  Ballast 

[For  report  see  Bulletin  563,  im>.  675-713.] 

[Presidenl   Brown  presiding.] 

President  Brown:  Our  first  committee  to  report  this  morning  is  Committee  1 — 
Roadway  and  Ballast,  the  chairman  of  which  is  G.  B.  Harris,  assistant  engineer,  Chesa- 
peake &■  Ohio  Railway,  at  Richmond,  Va.  Mr.  Harris,  if  you  and  the  other  members  of 
your  committee  will  come  to  the  platform.  I  shall  be  glad  to  turn  the  meeting  over 
to  you. 

Again,  as  at  our  earlier  sessions,  may  I  ask  that  all  reporting  subcommittee  chairmen 
take  their  places  here  at  the  main  speaker's  table,  as  close  to  the  rostrum  as  possible. 

May  I  also  remind  you  in  the  audience  that  you  have  the  privilege  of  the  floor,  and 
that  we  will  welcome  comments  and  discussion  on  any  of  the  reports  of  committees  to 
the  extent  that  time  will  permit.  The  aisle  microphones  are  back  with  us  at  this  session, 
with  monitors,  and  may  be  used  either  in  the  aisles  or  they  will  be  passed  to  you  if  it 
is  more  convenient.  When  using  the  microphone,  please  begin  by  stating  your  name  and 
company  affiliation. 

Mr.  Harris,  you  may  proceed. 

Chairman  G.  B.  Harris:  Mr  President,  members  of  the  Association,  ladies  and 
guests: 

During  the  past  year  Committee  1  held  two  meetings,  during  which  each  of  our 
11  subcommittees  reported  its  activities  and  received  comments  and  suggestions  from 
the  rest  of  the  membership  on  their  individual  assignments.  Progress  has  been  made  on 
all  of  these  assignments;  however,  we  are  submitting  this  year  reports  on  only  8  of  the 
11,  the  other  3  not  having  been  progressed  to  the  point  where  reports  can  be  submitted. 
The  reports  will  be  found  in  Bulletin  563  on  pages  675  to  713,  incl. 

As  the  individual  reports  are  presented,  we  invite  your  comments,  criticisms,  or  any 
questions  you  may  care  to  ask  regarding  any  or  all  of  them.  We  may  not  be  able  at 
this  time  to  answer  all  of  your  questions,  but  we  certainly  will  endeavor  to  find  the 
answer  for  you. 

Assignment  1 — Revision  of  Manual. 

Chairman  Harris:  Our  first  report  is  on  Assignment  1,  and  will  be  presented  by 
the  subcommittee  chairman,  F.  N.  Beighley,  roadway  engineer,  St.  Louis-San  Francisco 
Railway.  Mr.  Beighley  is  also  vice  chairman  of  Committee  1. 

F.  N.  Beighley:  Mr.  President,  the  report  of  the  Subcommittee  on  Revision  of 
Manual  appears  in  Bulletin  563  on  pages  677  and  678.  It  is  the  result  of  a  review  of 
certain  sections  of  Chapter  1  of  the  Manual  which,  under  the  10-year  rule,  require  action. 

Manual  recommendations  dealing  with  Specifications  for  Pipelines  for  Conveying 
Flammable  and  Non-FIammable  Substances,  on  pages  692  to  697,  inch,  and  with  For- 
mation of  Roadway — Recommendations,  on  pages  698  to  705,  inch,  will  be  handled 
later  by  the  respective  subcommittees  concerned. 

The  recommendations  of  Subcommittee  1  cover  the  following  recommended  prac- 
tices and  specifications:  Physical  Properties  of  Earth  Materials,  Specifications  for  Test 
Borings,  Natural  Waterways,  Drainage  Areas  and  Water  Runoff,  Size  of  Waterway 
Openings,  Culverts — Location  and  Types,  Specifications  for  Extra  Strength  Clay  Pipe, 
Specifications  for  Cast  Iron  Culvert  Pipe,  Specifications  for  Reinforced  Concrete  Culvert 
Pipe  and  Specifications  for  Corrugated  Metal  Pipe. 
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If  there  are  no  objections,  they  are  submitted  as  a  whole,  with  the  recommendation 
that   they  be  reapprovcd  without  change. 
I  so  move,  Mr.  President. 
[The  motion  was  duly  seconded,  was  put   to  a  vote,  and  carried.] 

Assignment  2 — Physical  Properties  of  Earth  Materials. 

Chairman  Harris:  Subcommittee  Chairman  \V.  P.  Eshbaugh,  chid  engineer, 
Genesee  &  Wyoming  Railroad,  will  present  the  report  on  Assignment  2. 

W.  P.  Eshbaugh:   Your  subcommittee  for  Assignment  2  has  submitted   the  report 
found  on  pages  679  through  685  of  Bulletin  56.?,  which  describes  the  use  of  nuclear  soil 
moisture  and  density  equipment  for  the  determination  of  volume  change  from  cut  to  fill. 

The  work  reported  was  performed  at  the  site  of  the  new  Canadian  Pacific  Railway 
hump  yard  near  Agincourt,  Ont.,  where  some  2,000,000  cu  yd  of  earth  materials  have 
been  excavated,  moved,  placed  and  compacted.  The  equipment  used  has  demonstrated 
its  practicality. 

The  work  reported  is  a  part  of  the  committee-sponsored  research  program  of  the 
Research  Department  of  the  AAR,  and  was  performed  by  the  AAR  research  staff. 

The  report  is  submitted  as  information. 

Assignment  3 — Natural   Waterways :  Prevention  of  Erosion. 

Chairman  Harris:  The  report  on  Assignment  3  will  be  presented  by  Subcommittee 
Chairman  G.  W.  Becker,  special  engineer — drainage,  Chicago.  Rock  Island  &  Pacific 
Railroad. 

G.  W.  Becker:   Mr.  President,  members  and  guests: 

The  determination  of  the  size  of  required  waterway  openings  by  the  railroad  engi- 
neer is  a  matter  of  extreme  importance.  Not  only  is  there  the  need  for  selecting  capacities 
based  on  design  floods  which  may  be  expected  to  occur  once  in  a  designated  interval  of 
years,  but  economics  of  design  will  also  enter  into  his  considerations.  Over  designing 
of  structures  can  be  as  costly  as  under  designing. 

In  its  studies  of  the  assignment,  your  committee  found  that  rapid  advances  in  the 
science  of  runoff  determination  are  being  made  more  or  less  independently  by  various 
state  and  governmental  agencies.  No  single  method  or  system  can  at  this  time  be  recom- 
mended as  a  standard  for  adoption  because  the  data  are  being  constantly  expanded  and 
improved  upon  by  these  people.  It  is  felt  that  in  view  of  the  wide  accumulation  and 
interpretation  of  data  now  being  progressed,  the  time  will  soon  come  when  an  acceptable 
standard  will  emerge  that  can  be  adopted  by  the  railroad  engineer  for  his  own  use  in 
determining  expected  runoffs  with  greater  accuracy  than  ever  before  possible. 

The  present  report  i^.  therefore,  submitted  as  information. 

Assignment  4 — Culverts. 

Chairman  IIvkris:  The  report  on  Assiunment  4  will  be  presented  bj  G.  O.  Mayor, 
division   engineer,   Chesapeake  &   Ohio   Railway. 

G.  D.  Mayor:  Mr.  President,  members  and  guests 

Assignment  4  (a)  covers  "Erosion  Control  tor  Outlet  Structures."  Research  on  this 
subject  was  started  in  1958  under  a  granl  to  Colorado  State  University,  but  because  ol 

budget   curtailment  in    1959  anil    I960  the  project    was  discontinued     It   i-  hoped  that    funds 
will  be  made  available  tor  resumption  of  this  research  in  the  near  future. 

Assignment  4   (b)  covers  "Methods  ol   Repairing  and  Restoring  Short  Pipe-Section 

Culverts  That    Have   Pulled   Apart." 
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Your  committee  submits  a  report  on  this  subject  which  is  published  in  Bulletin  563 
beginning  on  page  690. 

Mr.  President,  this  is  a  progress  report  submitted  as  information. 

Assignment  5 — Specifications  for  Pipelines  for  Conveying  Flammable 
and  N 'on-Flammable  Substances. 

Chairman  Harris:  Assignment  5  is  probably  the  most  controversial  one  that  Com- 
mittee 1  has  ever  undertaken.  The  subcommittee  chairman,  K.  W.  Schoeneberg,  chief 
engineer,  Akron,  Canton  &  Youngstown  Railroad,  will  present  the  report  and  explain 
some  of  the  difficulties  the  committee  has  encountered. 

K.  W.  Schoeneberg:  President  Brown,  Chairman  Harris,  members  and  guests: 

Last  year  your  subcommittee  for  Assignment  5  presented  as  information  a  tentative 
draft  of  specifications  for  pipelines  for  conveying  flammable  substances,  and  invited  com- 
ments and  criticisms  thereon.  Minor  revisions  have  been  made,  and  now  these  specifica- 
tions in  finalized  form,  as  contained  in  Bulletin  563,  February  1961,  pages  692  to  697 
incl.,  are  presented  by  your  subcommittee  for  adoption  and  publication  in  the  Manual, 
replacing  the  present  Sec.  A,  for  Flammable  Substances,  now  appearing  on  Manual  pages 
1-5-1  to  1-5-6. 

Mr.  President,  I  move  the  adoption  of  the  new  specifications  as  contained  in  Bul- 
letin 563,  pages  692   to  697  incl.,  to  replace  the  like  portion  of  the  existing  document. 

[The  motion  was  duly  seconded.] 

President  Brown:  Gentlemen,  as  you  heard  the  chairman  say,  this  is  a  very  con- 
troversial subject.  Does  anyone  in  the  audience  have  anything  to  say  about  it  ? 

[The  motion  was  put  to  a  vote,  and  carried.] 

Mr.  Schoeneberg:  As  reported  to  this  Association  for  several  years  and  in  more 
detail  last  year,  one  of  the  sources  of  study  and  collaboration  which  has  been  very  im- 
portant in  your  committee's  efforts  in  revising  our  specifications  is  the  work  being  con- 
ducted by  your  AREA  representatives  on  the  American  Society  of  Civil  Engineers'  Com- 
mittee on  Pipeline  Crossings  of  Railroads  and  Highways.  This  ASCE  committee  has  been 
charged  with  the  task  of  preparing  a  specification  for  pipeline  crossings  under  railroads 
and  highways  which  will  be  adopted  and  used  by  all  concerned,  such  as  the  railroads, 
the  highway  departments,  pipeline,  gas  and  oil  companies. 

Much  progress  has  been  made  to  this  end,  and  agreement  has  now  been  reached  in 
almost  all  phases  of  the  specification  draft.  It  is  anticipated  that  the  portions  of  the 
design  criteria  not  as  yet  resolved,  will  be  resolved  only  through  the  research  program 
which  is  now  in  progress. 

This  research  program,  both  field  and  laboratory  phases,  is  progressing  well.  In  the 
field  there  are  four  pipe  installations,  three  under  railroads  and  one  under  a  highway. 

One  phase  of  the  laboratory  work  is  being  conducted  at  the  AAR  Research  Center, 
Chicago.  For  a  fuller  explanation  of  this  work  I  refer  you  to  page  3  of  the  AAR  Re- 
search Center  Technical  Information  Bulletin  No.  24,  dated  December  1960.  Other  lab- 
oratory work  is  being  conducted  at  Utah  State  University.  It  is  anticipated  that  the 
laboratory  work  can  and  will  be  accelerated  and  expanded  this  year.  As  the  research  data 
become  available  from  all  of  these  sources  they  will  be  evaluated  for  their  applicability 
to  the  proposed  crossing  specifications. 

This  portion  of  the  report  is  submitted  as  information  only. 

President  Brown:   It  will  be  so  received. 

May  I  say  that  the  committee  and  particularly  the  subcommittee  should  be  con- 
gratulated on  preparing  this  information.  From  my  own  observations  I  have  seen  the 
need  for  this  work,  which  is  now  concluded. 
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Assignment  6 — Roadway:   Formation   and  Protection. 

Chairman  Harris:  The  report  on  Assignment  6  will  be  presented  by  Subcommittee 
Chairman  J.  B.  Farris,  assistant  engineer,  Southern   Railway   System. 

J.  B.  Farris:  Mr.  President,  members  of  the  Association  and  guests: 

Your  committee  submits  a  progress  report  on  its  Assignment  6  (a) — Roadbed 
Stabilization,  consisting  of  an  abstract  of  a  detailed  report  entitled  Slope  Failure  of 
Railroad  Cuts  in  Stiff  Clay,  Southwestern  Iowa,  by  J.  D.  Scott  and  D.  U.  Deere,  pre 
pared  in  connection  with  a  cooperative  investigation  conducted  by  the  University  of 
Illinois  and  the  Research  Department  (Engineering)  of  the  AAR,  sponsored  by  your 
committee. 

Work  is  progressing  in  connection  with  Assignments  6  (b) — Slope  Protection  by  Use 
of  Additives,  and  6  (d) — Gypsum  Treatment  of  Subgrade  to  Improve  Track  Drainage, 
with  reports  to  be  presented  during  the  coming  year. 

It  has  been  necessary  to  discontinue  research  in  connection  with  Assignment  6  (c)  — 
Performance  of  Filter  Materials  in  Subdrains.  A  report  will  be  presented  during  the 
coming  year. 

Your  committee  has  found  it  desirable  to  revise  that  document  of  the  Manual 
concerning  Formation  of  Roadway — Recommendations,  to  bring  it  into  agreement  with 
modern  conceptions  of  design  and  construction  practice. 

The  general  recommendations  in  this  document  are  devoted  primarily  to  new  con- 
struction with  the  intent  of  impressing  upon  construction  agencies  the  necessity  of  close 
supervision,  attention  to  detail  and  consideration  of  earthwork  as  a  structure  which  will 
become  a  component  part  of  the  completed  railroad. 

The  revised  document  appears  in  Bulletin  563,  February  1961,  on  pages  698  to 
705.  incl. 

Mr.  President,  I  move  that  the  revised  material  on  Formation  of  Roadway— Rec- 
ommendations, be  adopted  and  published  in  the  Manual,  replacing  the  present  materia] 
appearing  on  pages  1-1-1  to  1-1-7,  incl.,  of  the  Manual. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment   7 — Tunnels. 

Chairman  Harris:  Your  committee  has  submitted  progress  reports  on  the  assign- 
ment, Tunnel  Ventilation,  for  the  past  two  years,  and  hopes  to  submit  general  recom- 
mendations in  the  near  future,  for  adoption  and  publication  in  the  Manual. 

Under  Assignment   7    (b) — Methods  Used   to   Increase   Tunnel   Clearance,   the   com 
mittee  has  assembled  numerous  data  and  hopes  that  new  methods  can  be  developed   for 
future  work  and  for  submission  as  Manual  material. 

Assignment  7  (c) — Methods  of  Open  Cutting  Tunnels,  is  a  new  one,  ami  insufncienl 
data  have  been  developed  to  present  a  report  at  this  time 

Assignment  8 — Fences. 

Chairman    Harris:    There   K    no    specific    subassignmenl    under    Vssignmenl 
present  the  subcommittee  i-  reviewing  its  section  of  the  Manual,  which  will  be  submitted 
in    1962    lor  reapproval  or  revision. 

Assignment  9 — Roadway  Signs. 

Chairman  Harris:  There  are  two  subassignments  under  Roadwaj  Sign^,  namely, 
Reflectorized  and  Luminous  Sk'ns.  and  Develop  Standard  Close  Clearance  Warning  Sign 
Under  tin-   former,   research   baa  been  temporarily  discontinued  due  to  curtailment   of 
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research  funds;  however,  the  committee  feels  the  subject  should  not  be  dropped,  as  new 
products  are  constantly  being  developed,  some  of  which  might  be  adaptable  for  this 
purpose. 

Under  the  latter  assignment  the  field  has  been  narrowed  to  three  possible  designs. 
The  committee  is  handling  this  with  the  legal  departments  of  several  major  roads  as  well 
as  the  AAR  before  submitting  its  recommendations  to  the  Association  for  adoption. 
It  is  expected  that  a  proposed  sign  will  be  presented  in  1962. 

While  Subcommittees  7,  8  and  9  have  no  reports,  they  have  been  doing  an  excellent 
job,  and  at  this  time  I  would  like  to  recognize  the  three  chairmen ;  however,  R.  D. 
White,  division  engineer,  St.  Louis-San  Francisco  Railway,  chairman  of  Subcommittee 
7 — Tunnels,  is  having  flood  troubles  on  the  Alabama  River  and  is  unable  to  be  here. 

L.  J.  Deno,  staff  engineer — maintenance,  Chicago  &  North  Western  Railway,  is 
chairman   of  Subcommittee   8 — Fences. 

R.  D.  Baldwin  is  chairman  of  Subcommittee  9 — Signs  and  district  engineer  of  the 
Pennsylvania  Railroad. 

Assignment   10 — Ballast. 

Chairman  Harris:  The  report  of  Subcommittee  10  will  be  presented  by  the  chair- 
man,   R.    H.    Beeder,    chief   engineer — system,   Atchison,   Topeka   &   Santa   Fe   Railway. 

R.  H.  Beeder:   Mr.  President,  members  of  AREA  and  guests. 

Your  committee  reports  this  year  on  one  of  its  two  projects  under  Assignment  10— 
Ballast. 

No  report  on  Assignment  10  (a) — Ballast  Tests,  is  being  submitted  this  year  as  this 
project,  which  was  being  carried  out  using  the  Amsler  Pulsator  and  hydraulic  jacks  at 
the  AAR  Research  Center,  failed  to  receive  an  appropriation  to  progress  the  work  dur- 
ing the  past  two  years.  The  last  progress  report  on  this  assignment  was  the  sixth  and 
was  made  in  1959. 

The  report  on  Assignment  10  (c) — Special  Types  of  Ballast,  covers  some  results 
obtained  on  more  than  27  miles  of  ballast  section  treated  with  asphaltic  materials  in 
1959  on  the  Santa  Fe  Railway  under  the  sponsorship  of  your  committee,  the  AAR  Re- 
search Department  and  the  Asphalt  Institute.  In  addition,  this  report  covers  the  results 
being  obtained  on  iy2  miles  of  open-deck  bridges  receiving  a  similar  asphaltic  treatment 
in  1959  on  the  Pittsburgh  &  West  Virginia  Railway.  Sufficient  time  has  not  elapsed  since 
treatment  to  permit  an  appraisal  of  possible  benefits,  but,  generally,  these  tests  appear 
to  be  successful. 

During  1960,  an  additional  12,990  ft  of  open-deck  bridges  were  treated  by  the  Pitts- 
burgh &  West  Virginia  Railway  using  some  improvements  in  application  procedures  that 
were  determined  by  previous  installations.  After  five  months  of  service  these  treatments 
have  been  reported  as  excellent. 

The  1960  asphalt  and  cover  coat  treatment  of  ballast  sections  covered  a  wide  range 
of  conditions  and  totals  13.4  miles  of  track  on  five  railroads,  including  the  Norfolk  & 
Western,  Monon,  L&N,  Texas  &  Pacific  and  the  Chicago  &  North  Western.  If  any  of 
your  contemplated  programs  during  1961  indicate  the  need  for  the  two  special  Asphalt 
Institute  cars  for  application  of  the  asphalt  and  cover  coat,  these  cars  will  be  available 
without  charge  on  request  to  the  Research  Department  of  the  AAR. 

This  report  is  submitted  as  information. 
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Assignment  11 — Chemical  Control  of  Vegetation. 

Chairman  Harris:  Our  Anal  report,  on  Chemical  Control  of  Vegetation,  will  In- 
presented  by  C.  E.  Webb,  the  subcommittee  chairman,  and  engineer  oi  tests,  Southern 
Railway  System.  Upon  completion  of  his  report  Mr.  Webb  will  present  our  guest  speakei 
for  this  morning. 

C.  E.  Webb:  Mr.  President  and  gentlemen: 

The  report  on  Assignment   11  appearing  in  the  Bulletin  this  year  covers  brush  con 
trol  only,  and  is  the  result  of  a  cooperative  research  project  sponsored  by  the  committee 
between  Virginia  Polytechnic  Institute  and  the  Research  Department   of  the  Association 
of  American  Railroads. 

The  experimentation  carried  out  indicates  considerable  promise  in  the  dormant 
cane  broadcast  method  of  brush  control.  We  hope  to  have  this  method  more  full) 
explored  in  later  work. 

Introduction  of  Special  Feature 

Mr.  Webb:  Our  feature  presentation  this  morning  is  entitled,  "Current  Research  on 
Right-of-Way  Brush-Control  Problems."  It  is  estimated  that  brush-control  expense  last 
year  on  railroads  alone  was  about  $5  million  and,  including  public  utilities  and  other-. 
about  $20  million.  Such  expenditures  justify  a  continuing  research  effort. 

We  were  able  to  persuade  Dr.  W.  E.  Chappell  to  be  with  us  this  morning  to  speak 
on  this  subject.  Dr.  Chappell  was  formerly  with  the  Department  of  Agriculture  and  the 
University  of  Connecticut,  and  is  now  Professor  of  Plant  Physiology  at  Virginia  Polj 
technic  Institute.  He  is  currently  engaged  in  research  on  the  control  of  woody  plants, 
soil  sterilization,  and  control  of  weeds  in  horticultural  crops.  In  the  last  few  years  he 
has  placed  particular  emphasis  on  brush  control  with  both  on-  and  off-track  equipment. 

It  is  my  pleasure  to  present  to  you  Dr.  Chappell.   [Applause] 

Current  Research  on  Right-of-Way  Brush  Control  Problems 
By  W.  E.  Chappell 

Professor  of  Plant  Physiology,  Virginia  Polytechnic  Institute 

Brush  control  methods  in  general  usage  today  are  accompanied  by  one  or  more 
objectionable  characteristics:  (1)  the  treatments  are  often  not  entirely  effective  for  all 
species  of  brush.  (2)  certain  treatments  though  very  effective  are  often  too  expensive  for 
practical  usage,  (3)  certain  types  of  application  result  in  extensive  property  and  crop 
damage,  (4)  results  of  many  of  the  applications  are  unsightly  and  evoke  considerable 
criticism   from  the  public. 

Experiments  conducted  at  Virginia  Polytechnic  Institute  since  19SS  have  been  de 
signed  primarily  to  overcome  as  many  of  these  objections  as  possible.  This  research  has 
been  carried  out  in  both  the  dormant  season  and  during  the  summer.  Some  ol  the  results 
obtained  during  these  two  seasons  are  described  below.  More  details  of  the  findings  . in- 
included  on  pages  710-7U  in  the  report  of  the  Committee  on  Roadway  and  Ballast, 
Bulletin  563,  February,  1961. 

Dormant   Season   Experiment 

Winter  basal  treatment  using  2,4  l»  and  2,4,5  T  in  oil  have  been  in  use  for  many 
years.  The  main  objection  for  this  type  ol  application  i-  that  it  i-  verj  time  consuming 
to  apply  and  has  not  proven  practical  i"i  use  on  large  areas.  Initial  experiments  in  1956 
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indicated  that  much  lower  concentrations  than  those  normally  used  for  basal  applications 
could  be  used  if  applied  in  a  larger  volume  and  applied  as  a  broadcast  treatment.  These 
experiments  resulted  in  the  development  of  the  Dormant  Cane  Broadcast  Method*  of 
application. 

The  Dormant  Cane  Broadcast  Method  involves  wetting  all  the  above-ground  por- 
tion of  stems  with  a  mixture  containing  6  lb  of  2,4,5-T  or  a  combination  of  2,4-D  and 
2,4, 5-T  in  100  gal  of  No.  2  fuel  oil  or  a  similar  light  oil.  Usually  150-200  gal  per  acre 
is  sufficient  for  adequate  coverage  of  most  brush.  In  general  it  is  more  economical  and 
efficient  to  spray  brush  before  it  reaches  a  height  of  6  ft.  Brush  up  to  25-30  ft  in  height 
can  be  killed,  but  much  of  the  spray  solution  is  wasted  or  drifts  away  when  attempting 
to  spray  brush  of  that  height.  Applications  can  be  made  any  time  after  the  leaves  are 
off  in  the  fall  until  bud-break  in  the  spring. 

Further  experiments  carried  out  in  1958  in  which  only  the  lower  one-third  of  the 
stems  were  sprayed  resulted  in  as  good  control  as  did  the  overall  spray  for  most  species. 
Certain  species  such  as  the  conifers  and  sweet  gum  require  complete  coverage  for  ade- 
quate control.  These  experiments  also  showed  that  if  a  portion  of  the  spray  was  directed 
on  the  soil  around  the  base  of  root  suckering  species,  less  resprouting  would  occur  than 
where  an  overall  spray  was  used.  These  findings  resulted  in  a  suggested  modification  of 
the  Dormant  Cane  Broadcast  method  which  is  now  referred  to  as  the  Broadcast  Basal 
and  Soil  (BBS)  method.  The  results  of  some  of  these  experiments  are  shown  in  the 
report  of  the  Committee  on  Roadway  and  Ballast  mentioned  above. 

In  the  Dormant  Cane  Broadcast  method  all  species  can  be  killed  to  the  ground  level 
if  adequate  materials  are  applied  to  insure  good  coverage.  Certain  species  such  as  sassafras 
and  black  locust  often  resprout  the  second  year  after  application,  but  these  same  species 
are  also  difficult  to  kill  when  the  spray  is  applied  in  the  summer.  Some  of  the  main 
advantages  of  the  dormant  application  are: 

1.  There  is  less  likelihood  of  crop  damage. 

2.  Less  volume  of  carrier  is  needed. 

3.  The  spraying  can  be  done  during  normally  slack  seasons. 

4.  There  is  much  less  "brownout"  than  when  summer  applications  are  made. 

Other  chemicals  that  have  been  used  in  the  dormant  experiments  and  show  some 
promise  for  brush  control  are  Fenuron  and  2,3,6-Trichlorobenzoic  acid.  Fenuron  which 
is  usually  obtainable  in  a  25  percent  pelleted  material  will  kill  most  all  species,  but  it 
cannot  be  used  near  desirable  vegetation  without  running  the  risk  of  some  damage.  All 
soluble  2,3,6-Trichlorobenzoic  has  resulted  when  applied  as  a  dormant  cane  broadcast  in 
a  better  control  of  resprouting  in  black  locust  and  sassafras  than  does  2,4,5-T.  The 
Fenuron  and  benzoic  materials  will  probably  be  more  expensive  than  the  2,4,5-T.  The 
dormant  spray  applications  referred  to  above  were  applied  experimentally  with  a  small 
pump  mounted  on  a  push  car  as  shown  in  Fig.  1. 

Summer  Applications 

Most  experiments  now  underway  for  summer  applications  are  designed  primarily  for 
finding  materials  and  techniques  that  will  control  the  more  resistant  species  such  as 
sassafras,  black  locust  and  sumac.  Most  brush  on  right-of-ways  is  currently  sprayed  with 
a  mixture  of  2,4-D  and  2,4,5-T  esters  or  amines  using  4  to  6  lb  of  active  ingredient  in 
100  gal  of  water.  Often  when  esters  are  used,  the  addition  of  10  percent  oil  to  the  mix- 
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Fig.   1. 


ture  results  in  better  control,  especially  when  applied  late  in  the  season.  Several  newer 
chemicals  and  mixtures  of  chemicals  have  been  tried  in  experiments  during  the  last  three 
years.  Some  of  the  more  promising  materials  are  a  mixture  of  2,3,6-Trichlorobenzoic 
acid  (TBA)  and  liquid  amitrol  (Amitrol-T)  at  a  rate  of  4  lb  each  per  100  gal  of  water. 
This  mixture  is  especially  effective  against  black  locust  and  sumac.  Results  obtained  by 
this  mixture  and  some  other  chemicals  used  during  the  summer  are  shown  in  the  accom 
paining  table. 

Table  1 — Treatments  and  Results  in  Experiments  on   Black    Locusi 
June   15-July   15,   1958 
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The  amitrol  benzoic  mixture  is  being  suggested  for  areas  that  have  a  large  per- 
centage of  these  resistant  species.  There  is  usually  a  buildup  of  these  species  in  areas 
that  have  received  several  applications  of  2,4-D  and  2,4,5-T  which  have  killed  out  the 
more  susceptible  species  of  brush.  Amitrol  alone  will  kill  ash,  black  locust  and  sumac. 
Rates  of  4-6  lb  of  Amitrol  T  in  100  gal  of  water  are  sufficient.  This  material  does  not 
result  in  drift  and  volatility  damage  that  is  associated  with  2,4-D  and  2,4,5-T. 

One  of  the  most  significant  developments  in  summer  application  has  been  the  intro- 
duction of  invert  emulsion  of  2,4-D  and  2,4,5-T.  Upon  mixing,  these  materials  form  a 
very  heavy  mayonnaise-like  emulsion  which  produces  little  or  no  drift  when  applied  to 
brush.  This  material  is  not  only  much  safer  to  use  around  susceptible  crops,  but  it  ap- 
parently is  more  effective  in  controlling  sassafras,  black  locust  and  sumac  than  when 
applied  as  conventional  water  sprays  in  the  summer  or  with  the  dormant  cane  broad- 
cast method  in  the  winter.  Best  results  have  been  obtained  when  this  material  has  been 
applied  in  a  relative  high  concentration  and  low  volume. 

Mixtures  of  6  to  8  lb  of  2,4-D  and  2,4,5-T  in  24  gal  of  mixture  have  proven  quite 
effective  when  applied  with  a  helicopter.  These  low  volumes  have  not  been  tried  effectively 
with  ground-  or  with  on-track  equipment.  The  small  amounts  of  material  that  are 
deposited  on  the  leaves  of  the  brush  are  apparently  taken  up  very  slowely  and  are  trans- 
located into  roots  of  plants  before  the  tops  are  completely  dead.  The  usual  brown-out 
following  summer  spraying  does  not  occur  for  two  or  three  weeks  after  spraying. 

Fenuron  has  proven  effective  in  the  summer  as  well  as  in  the  dormant  season  for 
brush  control.  This  material  appears  to  be  best  suited  for  cleaning  up  areas  that  have 
been  thinned  out  by  previous  spraying.  This  material  should  not  be  used  near  desirable 
vegetation,  especially  large  trees. 

Summary 

Dormant  season  applications  of  2,4-D,  and  2,4,5-T  in  oil  should  be  made  during  the 
period  November  1-April  1.  Snow  cover  up  to  10  in  has  not  affected  results.  The  spray 
should  contain  6  lb  of  2,4-D  and  2,4,5-T  acid  in  100  gal  of  No.  2  fuel  oil  or  other 
light  oil.  The  spray  should  be  applied  at  100-150  psi  and  should  be  directed  at  the  lower 
one-third  of  the  brush.  Conifers,  evergreens  and  sweet  gum  should  be  sprayed  overall. 
Usually  100-200  gal  of  spray  per  acre  is  sufficient  volume  for  adequate  coverage,  but 
this  will  vary  somewhat  with  the  brush  density.  Dormant  applications  are  more  effec- 
tive than  foliage  sprays  on  oaks,  maples,  conifers  and  most  other  species  that  do  not 
send  out  root  suckers. 

Summer  applications  of  invert  emulsion  in  low  volume  appear  to  be  superior  to 
conventional  applications  of  2,4-D  and  2,4,5-T  for  controlling  resistant  species  such  as 
sumac,  sassafras  and  black  locust.  Amitrol  at  4-8  lb  per  100  gal  of  water  will  control 
black  locust,  sumac  and  ash.  Amitrol  plus  TCB  at  4  lb  each  per  100  gal  of  water  will 
kill  all  these  resistant  species  and  is  also  fairly  effective  against  sassafras. 

For  more  effective  brush  control  it  is  suggested  that  a  summer  spray  be  used  after 
two  dormant  applications.  This  would  help  in  controlling  certain  resistant  species. 
[Applause  | 


Chairman  Harris:  Thank  you,  Dr.  Chappell,  for  a  most  interesting  and  informa- 
tive talk.  We  in  the  railroad  industry  are  vitally  interested  in  the  chemical  control  of 
brush   as  well  as  of  weeds,  and  appreciate  your   bringing  us  this  report   this  morning. 

I  would  also  like  to  thank  you  for  your  splendid  cooperation  in  the  cooperative 
research  project  sponsored  by  this  committee  between  the  Virginia  Polytechnic  Institute 
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and  the  Research  Department  of  the  Association  of  American  Railroads.  We  regret  that 
additional  budget  curtailment  has  forced  the  cancellation  of  the  continuation  of  this 
project  in   1961. 

Mr.  President,  this  concludes  the  report  of  Committee  1  and  also  concludes  my 
three  years  as  chairman.  I  am  grateful  to  all  the  members  of  the  committee,  especially 
the  subcommittee  chairmen,  for  their  fine  work  and  the  support  given  me  during  these 
three  years.  I  am  sure  this  will  be  continued  in  the  future  under  the  new  chairman. 

I  also  want  to  thank  you,  President  Brown,  and  Secretary  Howard  and  his  staff, 
and  Past  Presidents  Woolford  and  Meyers,  for  their  advice  and  assistance  during  my 
term  of  office. 

And  now,  Mr.  President,  I  would  like  to  introduce  to  you  and  the  Association  the 
new  officers  of  Committee  1.  Our  new  chairman,  Frank  N.  Beighley,  roadway  engineer, 
St.  Louis-San  Francisco  Railway.  Our  new  vice  chairman  and  former  secretary,  Les  J. 
Deno,  staff  engineer — maintenance, Chicago  &  North  Western  Railway.  And  last  but  not 
least  by  any  means,  Rudy  H.  Beeder,  our  new  secretary  and  president-elect  of  this 
Association. 

President  Brown:  Thank  you,  Mr.  Harris.  For  the  third  successive  year  under 
your  direction  Committee  1  has  been  keenly  active,  and  has  come  up  with  another  series 
of  informative  reports,  thanks  to  the  interest  of  its  members  and  the  cooperation  which 
it  receives  from  Mr.  Magee  and  members  of  his  staff.  It  is  to  be  regretted  that  work 
on  some  of  your  projects  has  had  to  be  deferred  due  to  limitations  of  research  funds. 

And  thank  you,  Dr.  Chappell,  for  your  report  on  right-of-way  brush  control. 

Mr.  Harris,  we  welcome  Mr.  Beighley  as  the  new  chairman  of  Committee  1  and 
Mr.  Deno  as  the  new  vice  chairman,  knowing  that  they  will  make  a  fine  team  to  direct 
the   work  of  the  committee  in  the  years  immediately  ahead. 

Mr.  Beighley,  as  the  new  chairman  of  Committee  1  you  arc  entitled  to  this  chair- 
man's gavel,  which  I  am  pleased  to  present  to  you. 

Mr.  Harris,  you  and  the  members  of  your  committee  are  excused  with  the  thanks 
of  the  Association.  [Applause] 

Incidentally,  I  talked  about  moonlighters  the  other  day,  but   r  never  really   believed 
the   President   and   the  Secretary  could  be  the  same   person,    i    refer,   of  course,   to    Ml 
Beeder.  I  don't  know  what  that  is  going  to  mean.   [Laughter] 

Discussion  on  Track 
[For  report  see  Bulletin  563,  pp.  641   673.] 

|  President    Brown   presiding.] 

President  Brown:  Quite  naturally,  following  the  report  of  our  Committee  on  Road- 
way and  Ballast,  we  will  hear  next  from  our  Committee  5  Track.  Will  the  members  of 
this  committee  please  come  to  the  speaker's  table? 

The  chairman  of  this  committee  is  S.  H.  Poore,  office  engineer,  Chesapeake  &  Ohio 
Railway,  at  Richmond,  Ya.  Mr.  Poore,  as  you  no  doubt  know,  stepped  into  the  breach 
as  chairman  of  this  committee  during  the  j >;i ^t  tall  upon  the  resignation  as  chairman  ol 
Troy  West,  assistant  to  chief  engineer  of  the  Union  Railroad,  who  retired  from  railroad 
service  prematurely  on  his  doctor's  orders. 

Mr.  Poore,  we  appreciate  the  way  you  haw  stepped  in  and  brought  the  work  of 
Committee  5  to  a  successful  conclusion,  and  1  am  pleased  to  lurn  the  meeting  over 
to  you. 

Chairman  s.  H.  Poors:  Thank  you,  Mr.  President. 
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Before  proceeding  with  its  report  the  committee  would  like  to  take  this  oppor- 
tunity to  express  its  gratitude  to  a  man  whose  enthusiasm  and  devotion  to  the  AREA 
and  whose  exhibition  of  capable  leadership  has  made,  working  with  him  a  pleasure.  I  am 
referring  to  Troy  West,  the  most  recent  chairman.  Mr.  West  served  as  chairman  from 
March  1959  until  October  1960,  at  which  time  it  was  necessary  for  him  to  resign  for 
health  reasons.  He  has  now  retired,  as  President  Brown  has  mentioned,  and  we  wish  for 
him  an  abundance  of  the  blessings  life  has  to  offer. 

The  report  of  Committee  5  will  be  found  in  Bulletin  563,  pages  641  to  673  incl. 

Assignment  1 — Revision  of  Manual. 

Chairman  Poore:  Our  first  report  will  be  on  Revision  of  Manual,  which  subject 
is  being  handled  by  R.  J.  Hollingsworth,  engineer,  roadway  and  track,  Baltimore  &  Ohio 
Railroad.  Mr.  Hollingsworth  was  here  yesterday,  but  I  haven't  seen  him  today,  so  I 
will  present  his  report  for  him. 

At  the  request  of  some  of  the  associated  societies,  such  as  the  ASTM  and  the 
AISI,  the  AREA  Specifications  for  Low-Carbon  Steel  Tie  Plates,  High-Carbon  Steel 
Tie  Plates,  Soft-Steel  Cut  Track  Spikes,  and  High-Carbon  Steel  Track  Spikes  have  under- 
gone certain  revisions,  the  principal  thing  being  to  revise  the  specifications  to  permit 
the  use  of  spectrographic  analysis  as  an  acceptable  means  of  determining  chemical  com- 
position in  checking  the  steel. 

The  proposed  revisions  for  the  Specifications  for  Low- Carbon  Steel  Tie  Plates  and 
for  the  Specifications  for  Hot-Worked  High-Carbon  Steel  Tie  Plates  are  shown  on  page 
644  of  Bulletin  563.  The  revisions  are  not  lengthy;  however,  I  do  not  see  any  point  in 
reading  them  in  detail  unless  someone  wishes  to  have  them  read. 

Mr.  President,  I  move  that  the  proposed  revisions  as  printed  in  the  Bulletin  for 
these  two  specifications  be  adopted  and  the  Manual  revised  accordingly. 
[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 
Chairman  Poore:  The  Specifications  for  Soft-Steel  Cut  Track  Spikes  and  the 
Specifications  for  High-Carbon  Steel  Track  Spikes  have  been  revised  to  permit  making 
the  bend  tests  in  line  with  certain  practical  considerations.  The  changes  actually  tighten 
the  specifications  and  at  the  same  time  make  it  easier  to  do  the  checking. 

Mr.  President,  I  move  the  adoption  of  the  revisions  to  these  specifications  as  printed 
on  pages  644  and  645  of  Bulletin  563. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 
Chairman  Poore:  I  further  move  that  the  revision  to  the  Specifications  for  Laying 
Rail  as  printed  on  page  645  of  Bulletin  563  be  approved. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 
Chairman  Poore:  Under  Assignment  1  your  committee  also  presents,  as  informa- 
tion, Appendix  1  (a) — Temperature  Expansion  for  Laying  Rail,  which  is  submitted  for 
consideration  by  the  Association  with  the  view  that  the  material  now  in  the  Manual 
on  this  subject  may  be  revised  in  the  future  to  permit  laying  rail  tighter,  as  suggested 
in  the  report,  or  as  agreed  upon  later.  Your  comments  and  criticisms  are  invited. 

Assignment  2 — Track  Tools,  Collaborating  with  Purchases  and  Stores 
Division,  AAR. 

Chairman  Poore:  This  assignment  also  includes  Assignment  12 — Develop  a  Standard 
Plan  for  a  Drive  Screw  Spike  with  a  %-In  Square  Head.  Subcommittee  2  is  under  the 
chairmanship  of  C.  E.  Peterson,  assistant  engineer,  Santa  Fe,  who  will  now  present  the 
report  of  his  sub  committee's  work. 
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C.  E.  Peterson:  Your  subcommittee  has  completed  its  stud)  on  the  standardization 
of  drive  spikes  with  a  view  of  developing  a  tee-handle  socket  wrench  requiring  only  one 

type  of  socket  to  fit  them. 

The  head  size  and  shape  of  the  heads  together  with  the  shanks  of  the  drive  spikes 

have  been  made  standard.  Plans  and  specifications  were  prepared   for  them. 

Also,  a  tee-handle  drive  spike  extractor  socket  wrench  requiring  only  one  type  ol 
socket  has  been  designed  to  fit  them.  A  plan  and  specification  have  been  prepared  for  it. 

I  wish  to  call  your  attention  to  a  typographical  error  on  page  648  of  Bulletin  563, 
in  the  copper  content  of  the  Specifications  for  Steel  Drive  Spike>.  as  follows:  "0.20  to 
1  percent"  should  be  changed  to  "0.20  of  1  percent". 

Your  committee  submits   for  adoption,  with   the  above  correction,  a   new    Miscel 
laneous   Part   for   Chapter   5,   containing  the   Specifications   for   Steel    Drive   Spike;    Plan 
1-61,     AREA     Cone-Xeck     Drive     Spikes;     Plan     2-61,     AREA     Washer-Head    Timber 
Drive  Spikes,  and  Plan  3-61,  AREA  Timber  Drive  Spikes,  all  as  published  on  panes  648 
through  651  of  Bulletin  563. 

Mr.  President,  I  move  that  the  recommendation  of  your  committee  be  approved  for 
publication  in  the  Manual 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Petersox  :  Your  subcommittee  also  recommends  the  adoption  of  Plan  33-61 
AREA  drive  spike  extractor  socket  wrench,  along  with  the  revisions  in  Part  6,  Chapter  5. 
shown  on  page  652   of  Bulletin  563. 

Mr.  President,  I  move  that  the  recommendation  of  your  committee  be  approved 
for  publication  in  the  Manual. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  3 — Standardization  of  Trackwork  Plans,  Collaborating  with 
Signal  Section,  AAR. 

Chairman'  Poore:  Subcommittee  3  is  the  heart  and  core  of  the  Track  committee. 
T.  R.  Klingel  headed  this  subcommittee  until  recently.  His  promotion  to  other  duties 
forced  him  to  resign  from  the  chairmanship.  C.  J.  McConauuhy.  track  designer,  Southern 
Pacific  Company,  has  accepted  this  post.  Mr.  McConaughy  was  unable  to  attend  this 
meeting,  and  1  will  give  his  report. 

Your  Subcommittee  3  has  submitted  a  report  on  the  standardization  of  trackwork 
plans.  Considerable  progress  has  been  made  in  the  preparation  of  these  plan-:  bul  since 
further  study  was  required,  it  was  impossible  to  present  them  at  this  time. 

Also,  a  >tudy  of  speeds  through  turnouts  was  looked  into    It  was  necessarj   to  con 
sider  some  modifications  and  deviations   from   the   present    plans,   which   matter  is   1  »ti n lt 
covered  by  letter  ballot    It  is  hoped  these  plans  will  be  presented  to  you  next  year 

Appendix  3-a,  Service  Test  of  Solid  Manganese  Steel  Crossing  Frogs  with  Prestressed 
Concrete  Support  vs.  Timber:  The  Indiana  Harbor  Melt  agreed  to  permit  a  test  on 
crossing  supports  under  it-  -olid  manganese  crossings  with  the  Chicago  &  Western  Indiana 
Railroad  at  Dolton,  III..  17  miles  south  of  Chicago's  loop    litis  service  test  is  to  compare 

prestressed  concrete  support  with  timber  support.  The  test  is  being  handled  for  tin- 
Track  committee  by  H.  E.  Durham,  research  engineer  track  of  the  \\K  Engineering 
Division. 

This  t,st  was  installed  by  the  tones  ol  the  IHH  in  Jul)  I960  Approximately  one 
month  after  installation  the  crossing  were  resurfaced  in  preparation  for  making  stress 
measurements  on  the  concrete  support  and  castings.  During  August  1960  the  AAR  test 
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part}  made  stress  and  strain  measurements.  Analysis  of  these  data  is  being  made  and  will 
be  presented  at  a  later  date. 

Records  are  being  kept  on  maintenance,  etc.,  and  periodic  examinations  will  be 
made  for  future  reports.  The  construction  of  the  concrete  support  itself  was  discussed 
yesterday  by  Mr.  Piper  of  the  Portland  Cement  Association  for  the  Masonry  committee. 

Appendix  3-b,  Laboratory  Test  of  Hadfield  Manganese  Trackwork  Casting 
Hardened  by  the  DuPont  Explosive  Process:  The  increasing  interest  in  the  DuPont  ex- 
plosive process  for  hardening  of  manganese  trackwork  has  resulted  in  numerous  installa- 
tions throughout  the  country.  Following  these  installations  and  questions  as  to  the 
benefits  to  be  derived,  E.  I.  DuPont  de  Xemours  &  Company  has  contracted  with  the 
AAR  Research  Center  to  make  some  accelerated  laboratory  tests.  These  tests  were  con- 
ducted by  the  engineering  research  staff  of  the  AAR  under  the  general  supervision  of 
G.  M.  Magee,  director  of  engineering  research,  and  H.  E.  Durham,  research  engineer 
track.  They  were  assisted  by  E.  J.  Osterman  of  the  DuPont  Company. 

Castings  were  designed  and  manufactured  by  the  American  Brake  Shoe  Company. 

It  was  evident  from  the  results  of  this  laboratory  testing  that  explosive  hardening 
of  Hadfield  manganese  castings  will  materially  reduce  wear  and  batter,  compared  with 
unhardened  castings.  Although  this  process  is  relatively  new.  there  are  some  turnout 
frogs  that  have  been  in  track  since  the  latter  part  of  1959.  Also,  several  manganese 
track  crossings  have  been  explosive  hardened  and  will  be  installed  in  1961.  A  progress 
report  should  be  available  next  year. 

This   concludes  the  report  of  Subcommittee  3. 

F.  R.  Woolford  (Western  Pacific) :  Mr.  Poore,  we  have  had  considerable  discussion 
on  switch  points ;  30  vs.  59  ft.  curved  points  vs.  straight  points,  knife  points  vs.  Samp- 
son points,  etc.  I  have  heard  that  your  committee  has  seen  fit  to  change  its  original 
recommendations.  Would  you  feel  free  to  talk  about  that  ? 

Chairman-  Poore:  May  I  put  it  this  way:  Following  the  discussion  at  the  last  con- 
vention our  committee  reviewed  its  recommendations,  and  we  are  in  a  little  hassle 
among  ourselves  at  the  moment.  We  have  proposed  something  and  are  trying  to  get  our 
committee  to  agree  on  it.  At  the  moment  we  have  not  quite  secured  the  necessary  two- 
thirds  letter  ballot  to  make  a  committee  decision. 

Mr.  Woolford:  We  in  the  West  have  what  you  heard  me  announce  last  year — the 
Western  Standards.  I.  for  one,  and  I  think  others  too.  would  like  you  to  make  a  decision 
so  that  if  possible  we  can  follow  AREA  standards  in  our  turnouts  and  alternates. 

Chairman  Poore:  On  behalf  of  the  committee  I  can  promise  you  that  we  are  going 
to  push  this  matter,  and  I  trust  that  by  next  year,  if  I  have  the  pleasure  of  standing 
here,  I  can  offer  a  rounded  plan  to  you. 

Mr.  Woolford:  I  think  that  the  recommendation  of  your  committee  as  to  length 
of  switch  point  had  the  unanimous  approval  of  the  whole  membership  last  year. 

Mr.  Poore:    That's  right. 

Mr.  Woolford:   Are  you  considering  changing  it? 

Mr.  Poore:  I  don't  know  what  our  action  will  be.  There  has  been  talk  of  changing 
it:  however,  we  have  not  changed  it  yet.  If  we  think  a  change  is  warranted  we  will 
bring  it  to  you  and  offer  it. 

Mr.  Woolford:  Thank  vou. 
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Assignment  4 — Prevention  of  Damage  from  Brine  Drippings  on  Track 
and  Structures,  Collaborating  with  Committee  15  and  Mechanical  Division, 
AAR. 

Chairman   Poore:    L.   \V.    Lf.itzf..   engineer   of   track.   Great    Northern    Raj 
conducting  this  assignment.  The  progress  report  contained  in  Bulletin  563  indkatw  that 
damage  from  brine  drippings  can  be  reduced,  but  it   will  be 

study  to  ascertain  the  practicability  of  such  preventive  action    Ifi    Leitze  uniortur 
was  unable  to  be  here  today,  otherwise  I  would  have  asked  him  to  rise  and  be  - 

Assignment  5 — Design  of  Tie  Plates.  Collaborating  with  Committees  3 
and  4. 

Chairman  Poore:  Under  this  assignment  we  are  also  studying  the  use  of  rubber  or 
composition  plates  under  insulated  joints.  The  subcommittee  is  being  directed  by   I.     \ 
Pelton.  district  engineer  of  the  Pennsylvania  Railrcad.  Results  of  tie  plate  d 
on  the  Illinois  Central  and  tests  on  rubber  abrasion  plates  on  the  Pennsylvania  Railroad 
have  not  been  completed  at  this  time.  It  is  recommended  that  this  study  be  continued 

Mr.  Pelton.  please  stand  and  be  recognized. 

Assignment  6 — Hold-Down  Fastenings  for  Tie  Plates.  Including  Pads 
Under  Plates;   Their  Effect  on  Tie  Wear,  Collaborating  with  Committee  3. 

Chairman  Poore:    Study   on  this  assignment  is  now  under  the  direction 
Kieffer.  Jr..  division  engineer  in  charge  of  construction.  L&X  Railroad. 

This  project  has  been  under  study  for  some  14  years  on  the  L&X.  The  committee 
has  conducted  tests  on  tie  pads  and  tie  coatings,  and  the  report  beginning  on  page  666 
of  Bulletin  563  is  a  very-  brief  resume  of  work  done  through  the  year  ending  1960.  The 
committee  hopes  that  soon  it  will  be  able  to  draw  at  least  tentative  com  to  the 

relative  effectiveness  of  the  various  devices  and  materials  under  test. 

Mr.   Kieffer.  please  stand  and  be  recognized. 

Assignment  7 — Effect  of  Lubrication  in  Preventing  Frozen  Rail  Joints 
and  Retarding  Corrosion  of  Rail  and  Fastenings. 

Chairman   Poore:    This   assignment   is   being  conducted   by   R.   G.   Garland 
master.  Atchison.  Topeka  &  Santa  Fe  Railway.  The  report  presented  in  Built': 
ginning  on  page  670.  is  offered  as  information  with  the  recommendation  that  the  subject 
be  continued. 

Mr.  Garland  unfortunately  is  not  with  us  this  morning. 

Assignment  8 — Laying  Rail   Tight  with  Frozen  Joints. 

Chairman  P<m,rf.:  This  project  is  under  the  chairmanship  ■  ■:  \    M    - 
of  track.   Bessemer  &  Lake  Erie  Railroad.  The  committee  h 
under  observation,  and  the  report  in  the  Bulletin  is  offered 

Mr    Schwing,  please  stand  and  be  recognized. 

Assignment  9 — Critical  Review  of  the  Subject  of  Speed  on  Curves  as 
Affected  by  Present-Day  Equipment.  Collaborating  with  the  AAR  Joint 
Committee  on   Relation   Between    Track  and  Equipment. 

Chairman  Poore:    This   project   i-   under  the  din 
chief   engineer,   maintenance  of   way.   Erie- Lack  a  wanna   Rail- 
subcommittee.    The    subcommittee    had    planned    to    make    certain 
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Lackawanna,  but  due  to  mechanical  equipment   not   being  available  the  tests  have  born 
deferred.  It  is  anticipated  that  the  tests  will  be  run  this  summer. 
Mr.  Jentoft,  please  stand  and  be  recognized. 

Assignment  10 — Methods  of  Heat  Treatment,  Including  Flame  Harden- 
ing, of  Bolted  Rail  Frogs  and  Split  Switches,  Together  with  Methods  of 
Repair  by   Welding. 

Chairman  Poore:  This  assignment  is  being  conducted  by  J.  M.  Salmon,  Jr.,  chief 
engineer,  Clinchfield  Railroad.  It  will  be  recalled  that  this  project  involves  the  testing 
of  three  simulated  crossing  panels  on  the  Milwaukee  Road  at  Mannheim,  111.  These 
crossing  panels  include  heat-treated  segments,  flame-hardened  segments,  and  non-heat- 
treated  conventional  sections.  Observations  on  rate  of  wear  have  been  made  by  the  AAR 
research  staff,  and  repair  welding  has  been  done.  This  subcommittee  should  be  in  a 
position  to  offer  recommendations  as  to  heat  treatment  and  repair  shortly. 

Mr.  Salmon,  please  stand  and  be  recognized. 


Chairman  Poore  (Continuing):  Mr.  President,  this  concludes  the  reports  of  Com- 
mittee 5.  I  want  to  thank  you  and  the  other  members  of  the  Association  who  have  ex- 
tended me  the  opportunity  and  privilege  of  serving  you.  I  want  to  thank  Secretary 
Howard,  the  subcommittee  chairmen,  and  the  members  of  Committee  5  for  their  gracious 
assistance,  especially  since  I  so  recently  was  appointed  chairman  of  the  committee. 

Their  generous  devotion  to  the  Association,  the  spirit  of  cooperation  they  have 
exhibited,  and  the  helping  hand  I  have  received  all  go  together  to  make  a  team  that  is 
bound  to  accomplish  many  things  that  will  be  of  benefit  to  all  concerned.  I  look  forward 
with  pleasure  to  serving  as  chairman  of  this  committee. 

I  had  looked  forward  to  the  pleasure  of  introducing  your  new  Committee  5  vice 
chairman,  J.  B.  Wilson,  chief  engineer,  Georgia  Railroad,  but  Mr.  Wilson  has  written 
me  that  he  has  flood  troubles  in  Alabama  and  therefore  could  not  be  here. 

Mr.  President,  this  concludes  the  report  of  the  Track  Committee. 

President  Brown:  Thank  you,  Mr.  Poore.  We  regret  exceedingly  that  Troy  West 
was  not  able  to  carry  on  as  chairman  of  Committee  5,  but  the  Association  was  very 
fortunate  that  as  vice  chairman  of  the  committee  you  were  ready  and  willing  to  assume 
the  chairmanship.  You  have  done  a  fine  job  in  bringing  the  work  of  the  committee  to  a 
successful  close,  as  evidenced  by  the  splendid  reports  presented  in  the  February  Bulletin 
and  referred  to  briefly  here. 

We  appreciate,  too,  Mr.  Wilson's  stepping  in  as  vice  chairman  of  your  committee, 
knowing  that  he  has  been  a  diligent  worker  and  that  he  will  be  a  great  source  of  help 
to  you  in  the  years  immediately  ahead. 

Mr.  Poore,  I  don't  know  how  you  have  managed  to  get  along  in  recent  months 
without  a  chairman's  gavel.  I  am  sure  that  if  you  had  had  one  you  could  have  taken 
care  of  Mr.  Woolford's  question  on  the  length  of  switch  point.  Therefore,  I  have  this 
gavel  for  you,  bearing  your  name,  and  I  present  it  to  you  with  pleasure. 

Mr.  Woolford:  Mr.  President,  before  you  excuse  the  committee,  I  would  like  to 
ask  Mr.  Poore  one  other  thing.  Is  your  committee  doing  anything  on  explosion  hardening 
of   frogs  and   crossings? 

Mr.  Poore:  Yes,  we  are.  The  work  is  being  done  at  the  AAR  Research  Laboratory. 

Mr.  Woolford:  I  asked  that  question  because  I  am  getting  ready  to  put  in  two 
expansion  frogs  on  a  bridge.  I  am  going  to  explosion-harden  one  but  not  the  other.  If 
the  committee  is  interested  I  shall  be  glad  to  have  you  get  into  the  study  and  follow  it 
through. 
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Chairman  Poore:  Thank  you  verj  much.  Will  you  give  me  the  location  so  I  can 
make  a  note  of  it? 

Mr.  Woolford:  It  is  at  Oroville,  Calif.  We  have  just  built  a  reinforced  concrete 
arch  bridge  on  a  line  change,  and  we  are  going  to  put  in  the  two  expansion  frogs,  one 

on  each  end  of  the  bridge. 

Mr.  Poore:  Thank,  you,  Mr.  Woolford.  I  have  made  a  note  of  that.  We  hope  I" 
be  able  to  take  it  under  observation. 

President  Brown:  Thank  you,  Mr.  Woolford.  I  knew  there  was  some  way  be  was 
going  to  get  somebody  to  go  to  California.   [Laughter] 

Thank  you  again,  Mr.  Poore.  You  and  your  committee  are  excused  with  the  thanks 
of  the  Association.   [Applause] 

Special  Feature 

President  Brown:  Gentlemen,  through  the  courtesy  of  the  Deutsche  Bundesbahn — 
German  Federal  Railways  to  you — we  have  an  interesting  film  of  mechanized  track 
maintenance  operations  on  the  German  railways  that  we  would  like  to  present  at  t hi- 
time.  It  has  a  sound  track  in  German;  but  since  I  imagine  few  of  us  would  be  able  to 
understand  the  commentary,  I  suggest  that  the  film  be  shown  silent. 

[The  film  was  shown,  during  which  the  following  remarks  were  made.] 

President  Brown:  Mr.  Woolford,  did  you  see  any  of  this  in  Germany? 

Mr.  Woolford:  Yes,  Mr.  Brown,  I  saw  some  of  the  operations.  We  saw  them 
doing  a  complete  rehabilitation  job  in  Germany. 

The  machine  shown  here  is  a  track-panel  remover.  They  lay  extra  tracks  on  the 
outside  to  run  the  equipment  on  before  they  move  in  to  do  the  removal  work  We 
questioned  the  efficiency  of  some  of  these  operation'-,  but  we  weir  only  there  to  observe 
and  not  to  criticize  any  of  their  operations. 

President  Brown:  I  noticed  when  they  were  trying  to  Lret  their  apparatus  together 
it  looked  like  quite  a  tedious  job. 

Mr.  Woolford:  Yes,  it  is.  Their  operations  are  tedious  in  comparison  to  the  u;u 
we  do  the  same  type  of  track  work. 

President  Brown:  There  might  be  other  remark-  that  Mr.  Woolford  might  like  to 
make  while  we  are  looking  at   this  film. 

Mr.  Woolford:  Some  of  the  operations  you  see  here  are  similar  to  those  I  saw  on 

the  Russian  railroad-  behind  the  Iron  Curtain.  The  Germans  haw-  a  new  machine  which 
considerably  speeds  up  tin-  operation  oi  panel  track  laying  a-  it  permits  eliminating 
some  of  the  rudiment-  of  the  work  the)  -how  here.  I  am  a  little  reluctant  to  tr\  to 
narrate  someone'-  else's  film,  because  I  can't  give  you  all  the  facts  concerning  it. 

President  Brown:  We  won't  hold  you  to  what  you  might  say.  \  number  oi  these 
machines  seem  to  be  somewhat  similar  to  what  we  see  in  this  country. 

Mr.  Wool  pord:  I  don't  believe  we  use  anything  like  this  over  here;  at  least  I  haven't 

-een  any,   Mr.    Brown. 

I'ii  sun  \  i   Brown:  How  about  tin-  ballast  <  leaner''' 

Mr.  Woolford:   Yes,  we  have  the  -aim-  type  ol  cleaners  over  here  that  the)   have 
I  think  the)   do  a  good  job    \\ «    mi  the  Western  Pacifu    have  used  them  exten 
The)   use  this  type  "i  cleaner  almost  exclusive!)  in  Germany. 

\  mi  i  :  What  i-  tin   n"     tie  spacing? 

Mr.  Woolford:  They  use  tin-  -ami-  spacing  tor  concrete  ties  .1-  tor  wood  ties  I 
think  it  is  somewhere  around        to        in    I  don't  have  it  right  .it  im  tine. nip-    I  have 
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notes  of  it  though,  and  if  anyone  is  interested  I  shall  be  glad  to  give  them  the 
information. 

They  use  the  type  of  tamper  shown  here  very  extensively.  A  large  portion  of  their 
work  is  mechanized,  although  a  good  deal  of  it  is  not.  It  is  a  combination  of  mechaniza- 
tion and  non-mechanization. 

This  type  of  tamping  we  see  here  I  saw  in  several  locations  in  Germany.  They  use 
a  much  larger  ballast  than  we  do.  Their  ballast  runs  up  to  around  a  3-in  size. 

I  can  say  that  the  Germans  have  good  railroads.  They  are  among  the  better  railroads 
in  Europe  as  far  as  riding  conditions  are  concerned. 

President  Brown:  Thank  you  very  much,  Mr.  Woolford.  You  have  helped  us 
greatly  to  understand  what  we  were  looking  at.  It  is  unfortunate  that  we  didn't  have 
an  English  version  of  the  commentary  with  this  film,  but  I  am  sure  most  of  us  got 
considerable  information  from  it.  In  any  event,  we  greatly  appreciate  the  courtesy  of 
our  German  friends  in  making  this  film  available,  and  we  will  so  advise  them  when  we 
return  the  film. 

Discussion  on  Rail 

[For  report  see  Bulletin  563,  pp.  S8S-639.] 

[President  Brown  presiding.] 

President  Brown:  Now,  getting  back  to  the  first  of  our  two  remaining  committee 
reports,  I  will  next  ask  our  Committee  4 — Rail,  to  present  its  report.  The  chairman  of 
this  committee  is  L.  S.  Crane,  assistant  chief  mechanical  officer  of  the  Southern  Railway 
at  Washington,  D.  C.  Mr.  Crane,  if  you  will  take  your  place  alongside  me,  and  if  your 
reporting  subcommittee  chairmen  will  take  their  places  here  at  the  main  speaker's  table, 
you  may  get  started.  Mr.  Crane,  the  meeting  is  yours. 

Chairman  L.  S.  Crane:   Mr.  President  and  members: 

I  understand  our  president  gave  me  some  publicity,  welcome  or  otherwise,  regard- 
ing my  difficulty  in  getting  here.  There  is  an  old  saying  that  when  someone  does  you 
a  favor  you  should  not  let  it  go  unrewarded.  If  you  will  spare  me  just  a  minute,  I  will 
pay  Mr.  Brown  off.   [Laughter] 

The  report  of  Committee  4 — Rail,  will  be  found  on  pages  585  to  6.59  incl.  of 
Bulk-tin  563. 

Assignment  1 — Revision  of  Manual. 

Chairman  Crane:   W.  J.  Cruse,  vice  chairman  of  the  committee  and  chairman  of 

Subcommittee  1  will  present  the  report  of  that  subcommittee. 

W.  J.  Cruse:  Mr.  President,  members  of  the  association  and  guests: 

The   subcommittee   recommends  certain   revisions  and  additions  with   respect   to  the 

Glossary  and  Chapter  4  of  the  Manual. 

Mr.    President,    I    move    that    the   definition    of   "Fishtail",   appearing   on    page    586, 

Bulletin  563,  be  adopted. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Cruse:   With  respect  to   Chapter  4  of  the  Manual,  I  move  that  the  data  on 

Design  for  Track  Bolts  and  Nuts,  Manual  pages  4-1-16  to  4-1-19,  incl.,  be  reapproved 

with  the  revisions  set  forth  on  page  587,  along  with  revised  Fig.  3  and  Table  3  on  page 

588,  Bulletin  563. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.   Cruse:    Page  4-3-12.1.  Form  402-M.  Anual   Report   of  Web   Failures  Within 
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Joint  Bar  Limits  in  Rail  of  100  Lb  and  All  Heavier  Sections:  I  move  thai  ii  be  approved 

with  the  revisions  set  forth  on  pages  587  and  589,  Bulletin  563. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.! 

Mr.  Cruse:   Page  4-M-l.  General  Requirements  of  a  Rail  Joint:  The  change  ra 
ommended  in  Par.  3  is  to  provide  for  use  of  frozen  joints  if  desired. 

Mr.  President,  I  move  the  adoption  of  the  revised  paragraph  as  set  forth  on  page 
590,  Bulletin  563. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried. J 

Mr.  Cruse:  Page  4-M-7.  End  Hardening  of  Rails  at  Mills.  Reapprove  with  editorial 
change  shown  on  page  590,  Bulletin  563. 

Mr.  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Cruse:  Page  4-M-2  to  4-M-7,  incl.  Measurements  of  Profiles  and  Batter  of 
Rail:  Results  of  a  canvass  of  committee  members  indicated  very  limited  use  i>  being 
made  of  profile  gages  and  instructions. 

Mr.  President,  I  move  that  this  material  be  deleted  from  the  Manual. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Cruse:  Page  4-M-9  and  4-M-10.  Mill  Practice  for  Rails  for  Butt  Welding: 
Owing  to  the  rapid  increase  in  use  of  welded  rail  and  varied  practices  in  ordering  rails 
from  the  mills,  the  subcommittee  has  brought  up  to  date  this  recommended  practice  and 
also  added,  as  a  guide,  a  tabular  form  for  ordering  rails  for  butt  welding,  as  set  forth 
on  pages  590  to  592,  incl.,  Bulletin  563,  except  in  Art.  1.  General,  delete  the  following: 
".  .  .  and  will  be  furnished  in  standard  39-ft  lengths,  control  cooled  .  .  ." 

Mr.  President,  I  move  the  adoption  of  the  revised  recommended  practice  and 
tabular  form,  with  the  aforementioned  revision  to  Art.   1. 

| The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Cruse:  The  following  Manual  material  is  recommended  for  reapproval  without 
change: 

Pages  4-2-7  and  4-2-8.  Specifications  for  Drop  Test  Machine. 

Pages  4-2-19  to  4-2-21,  incl.  Specifications  for  Spring  Washers. 

Paw  4-3-2,  Form  401-A.  Report  of  Chemical  and  Physical  Examination  ol  Rails, 

Pages  4-3-3  and  4-3-4,  Form  401-B.  Certificate  of  Inspection. 

Page  4-3-5,  Form  401-C.  Report  of  Shipment. 

Page  4-3-6,  Form  401-D.  Record  of  Control-Cooled  Rails. 

Page  4-3-13,  Form  402-D.  Statement  of  Rails  in  Main    Tracks. 

Page  4-M-l.  Application  of  Rail  Bonds. 

Page  4-M-8.  Beveling  or  Slotting  of  Rail  Ends. 

Page  4-M-8.  Reconditioning  Rail  Ends. 

Each  of  these  items  has  been  reviewed,  and  the  committee  lias  taken  a  letter  ballot 
in  which  more  than  a  two-thirds  majority  favored  reapproval  without  chan 

I  therefore  move  that  the  Manual  material  sel  forth  on  pages  587  and  590,  Bulletin 
563,  be  reapproved  without  change. 

|The  motion   was  duly  seconded,  was  put    to  a   vote,  and   carried.] 

Mr.  Cruse:  Stemming  from  the  studj  oi  the  \\k  Purchases  and  x'""  Division 
Committee  16— Simplification  and  Standardization,  uhi.h  listed  43  different  rail  sections 

available   to   the    railroaiK   of    North    Amenta,   the    Rail    Committee   Collaborated    with   the 

Purchases  and  Stores  Division  and  made  a  studj  of  rail  purchases  in  recent  years    It  was 
found  that  the  majority  of  rail  tonnage  produced  was  confined  to  9  tail  sections,  uhi.h 
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arc  set  forth  on  page  593  of  Bulletin  563,  along  with  the  recommendation  that  railroads 
restrict  their  purchases  of  new  rail  to  those  nine  sections. 

Mr.  President,  I  move  that  the  recommendation  be  adopted  and  published  in  the 
Manual  in  Miscellaneous  Part,  Chapter  4. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Cruse:  Mr.  President,  I  would  like  to  clarify  a  statement  made  on  page  594 
of  Bulletin  563  concerning  head  and  web  separation  failures  on  the  Canadian  National 
Railway  on  100-lb  rail.  This  100-lb  rail  is  of  the  HF  (Head  Free)  section,  not  the  RE 
section. 

Mr.  President,  this  completes  my  report. 

Assignment  3 — Rail  Failure  Statistics,  Covering  (a)  All  Failures;  (b) 
Transverse  Fissures;  (c)  Performance  of  Control-Cooled  Rail. 

Chairman  Crane:  Subcommittee  Chairman  C.  J.  Code,  assistant  chief  engineer — 
staff,  Pennsylvania  Railroad,  will  present  the  report  on  Assignment  3. 

C.  J.  Code:  In  the  report  on  Assignment  3  as  printed  in  Bulletin  563,  your  com- 
mittee desires  to  revise  the  second  paragraph  under  Mill  Performance,  page  599,  as 
follows: 

Delete  present  paragraph  in  its  entirety,  and  substitute  the  following: 

Fig.  3  showing  the  control-cooled  rail  failure  rates  cumulatively  for  the  first  10 
years  of  service  of  rail  rolled  by  individual  mills  affords  a  comparison  of  service  per- 
formance among  individual  rail  producers.  It  should,  of  course,  be  recognized  that  the 
service  conditions  are  not  necessarily  the  same  for  the  rail  produced  by  each  mill,  and 
service  conditions  on  a  railroad  or  group  of  railroads  may  adversely  affect  the  record 
of  a  given  mill.  The  rate  of  failures  for  the  earlier  years  for  the  Colorado  mill  was 
influenced  to  a  large  extent  by  the  large  number  of  CF  and  DF  failures  that  occurred 
on  the  Union  Pacific,  the  DF's  in  particular  being  recognized  as  a  type  of  failure  asso- 
ciated with  service  conditions.  The  failure  rate  for  the  Algoma  mill  was  largely  due  to 
VSH,  other  head,  in  joint  web,  and  base  failures  (see  Table  5)  ;  for  Carnegie  ET  by  the 
relatively  large  number  of  CF  and  DF  failures  on  the  Norfolk  &  Western ;  for  Dominion 
by  the  relatively  high  number  of  in  joint  web  failures  on  the  Canadian  Pacific.  Web 
failures  in  joint  are  frequently  associated  with  service  conditions  as  well  as  rail  design. 
Last  year's  report  contained  a  statement  from  C.  A.  Colpitts,  chief  engineer  of  the 
Canadian  Pacific,  giving  the  difference  in  service  conditions  and  defect  detection  condi- 
tions for  rail  from  the  Algoma  and  Dominion  Mills. 

Assignment  5 — Economic   Values  of   Various  Sizes  of  Rail. 

Chairman  Crane:  The  Report  on  Assignment  5,  as  shown  on  pages  614  and  615 
of  Bulletin  563,  is  a  continuation  of  Study  "A"  reflecting  changes  in  the  test  mileage  and 
computed  to  show  averages  after  16  years. 

Attention  is  called  to  an  error  in  the  table  at  the  top  of  page  615,  which  shows 
savings  of  $559  per  mile.  The  correct  figure  should  be  $388  per  mile,  or  a  percentage 
saving  of  11.5. 

[Corrected  table  is  presented  on  next  page.] 
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Chairman  Crane  [continuing] :  It  is  now  my  pleasure  to  introduce  to  you  our 
feature  speaker  for  today,  G.  M.  Magee,  director  of  engineering  research,  AAR.  His 
subject  will  be  "The  Effect  of  Heavy  Wheel  Loads  on  Rail  as  Observed  on  the  Quebec, 
North  Shore  &  Labrador  Railway.  Mr.  Magee. 


The  Effect  of  Heavy  Wheel  Loads  on  Rail  as  Observed  on  the 

Quebec,  North  Shore  &  Labrador  Railway 

By  G.  M.  Magee 

Director  of  Engineering  Research,  AAR 

There  is  a  trend  in  the  United  States  towards  building  larger  freight  ears  with 
heavier  wheel  loads.  Many  mechanical  engineers  do  not  feel  that  it  is  practical  In  increase 
the  diameter  of  the  wheels  under  these  heavily  loaded  cars  so  that  the  contact  pressure- 
of  the  wheel  on  the  rail  will  not  be  increased.  Many  track  engineers  are  very  much  con- 
cerned about  this  increase  in  contact  pressure  on  the  rail.  Today  the  most  critical  stresses 
in  the  rail  are  those  associated  with  the  contact  pressures  of  the  wheel  on  the  rail  and 
the  internal  direct  and  shearing  stresses  resulting  therefrom.  This  is  evidenced  by  rail 
end  batter,  flow  of  metal  toward  the  gage  corner,  rail  corrugation,  shelling  and  detail 
fractures  from  shelling,  transverse  fissures,  detail  fractures  from  engine  burns,  horizontal 
and  vertical  Split  heads,  etc.  It  is  believed  that  an  increase  in  wheel  loading  without  a 
corresponding  increase  in  wheel  diameter,  if  a  substantial  number  of  these  heaw  cars 
are  put  in  service,  will  result  in  an  increase  in  rail  failures  of  this  typp  and  further 
shorten  the  usable  life  of  rail  because  of  flow,  shelling,  corrugation  and  batter.  There  is 
evidence  today  that  fully  loaded  70-ton  cars  on  33-in-diameter  wheels  with  a  loading 
of  approximately  800  lb  per  in  of  diameter  i-  causing  an  increased  amount  ot  rail  failures 
and  rail  damage  Recognizing  that  it  is  not  practical  to  restrict  tin-  operation  .0  the  large 
number  ot  70-ton  >ars  in  service,  it  i-  boped  that  it  will  be  possible  to  restrict  further 
overloading  of  the  rail  with  any  substantial  number  of  cars  having  contact  pressures 
greater  than  those  for  70-ton  cars  on  33-in  wheels. 
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Toward  that  end  a  recommendation  was  made  to  the  executive  vice  chairman  of 
the  Mechanical  Division  of  the  AAR  in  a  letter  dated  April  29,  1959,  by  C.  J.  Code, 
chairman  of  and  on  behalf  of  the  AAR  Joint  Committee  on  Relation  Between  Track 
and  Equipment,  as  follows: 

"For  economical  rail  life  it  is  recommended  that,  for  new  construction  of  cars  and 
locomotives,  the  maximum  limit  per  inch  of  nominal  wheel  diameter  be  sel   at 

800  lb  for  33-in  wheels  (26,400  lb  total) 
810  lbfor  36-in  wheels  (29,200  lb  total) 
820  lb  for  38-in  wheels  (31,200  lb  total) 
825  lb  for  40-in  wheels  (33,000  lb  total) 
830  lb  for  42-in  wheels  (34,900  lb  total) 

except  for  a  limited  number  of  special  cars  for  heavy  loads  which  shall  be  subject  to 
approval  by  the  Mechanical  Division  of  the  AAR." 

The  Mechanical  Division  did  not  accept  the  recommendations  of  the  Joint  Com- 
mittee in  its  entirety,  but  did  make  the  following  provision  in  Rule  3  of  the  rules  for 
the  interchange  of  freight  cars. 

"Wheel:  Cars  of  over  70-ton  nominal  capacity  up  to  and  including  100-ton  nominal 
capacity  built  new  on  and  after  January  1,  1961,  shall  be  equipped  with  steel  wheels 
of  at  least  36-in  nominal  diameter  when  4-wheel  trucks  are  used." 

Also,  the  Joint  Committee  was  requested  to  give  further  study  to  this  subject  to 
determine  further  proof  of  the  damaging  effects  of  contact  pressures  from  the  higher 
wheel  loads  and  to  study  possibilities  for  improving  the  situation  by  a  change  in  the 
rail  and  wheel  contours. 

Because  the  Quebec  North  Shore  &  Labrador  operates  ore  cars  having  a  total  weight 
on  rail  of  31,250  lb  per  36-in  nominal  diameter  wheel,  or  870  lb  per  in  of  nominal  wheel 
diameter,  this  railway  offers  an  opportunity  to  observe  the  extent  of  rail  damage  under 
this  wheel  leading,  as  compared  with  the  operation  of  the  general  run  of  freight  cars  on 
roads  having  corresponding  grades,  curvatures  and  traffic  density  in  the  United  States. 
Accordingly,  when  B.  M.  Monaghan,  chief  engineer  of  the  QNS&L,  extended  me  an  invi- 
tation to  make  an  inspection  over  the  railroad  last  summer,  I  was  pleased  to  accept  and 
have  the  opportunity  to  make  this  study  of  rail  conditions  under  their  traffic  and  wheel 
loading. 

The  QNS&L  Railway  extends  northerly  from  the  loading  dock  at  Seven  Islands,  356 
miles  to  the  ore  mines  at  Schefferville.  The  principal  traffic  consists  of  the  loaded  ore 
trains  southbound  and  the  empties  northbound.  It  is  a  single-track  line,  and  the  traffic 
density  is  approximately  25,000,000  gross  tons  handled  in  a  period  of  about  6^4  months 
from  May  1  to  November  15.  The  southerly  100  miles  of  the  railroad  has  considerable 
sharp  curvature  and  heavy  gradients  down-grade  for  the  loaded  movement,  at  some 
points  the  grade  being  as  much  as  1.32  percent.  The  northerly  portion  of  the  line  has  in 
general  light  gradients  and  considerably  less  curvature. 

The  speed  of  the  loaded  ore  trains  is  limited  to  30  mph,  except  between  Mile  Post 
57.9  to  Mile  Post  75  down  the  1.3  percent  grade  where  the  speed  is  limited  to  20  mph. 
The  returning  trains  of  empty  ore  cars  are  limited  to  40  mph  maximum  speed,  on  6- 
to  7-deg  curves  to  35  mph  and  on  7-  to  8-deg  curves  to  30  mph. 

The  entire  main  line  is  laid  with  132  RE  rail  on  AREA  design  7'4-  by  14-in  double- 
shoulder  tie  plates.  Joint  bars  are  Rail  Joint  Company  6-hole  toeless  bars.  Ties  are 
7  in  by  9  in  by  8  ft  treated  hardwood  and  were  originally  spaced  22  per  39-ft  rail.  In 
connection   with   resurfacing   operations,   the  number  is  being  increased   to   24   per  rail. 
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Every  third  tie  is  box  anchored  with  Fair  anchors,  A-  original!}  built  the  line  was 
equipped  with  Meco  oilers,  although  not  enough  were  used  l"i  lull  protection  and  the 
number  has  been  increased  from  time  to  time  subsequently.  Rail  ends  were  not  hardened 
when  the  line  was  built,  but  subsequently  all  rail  ends  have  been  buill  up  by  welding 
as  required  and  field  end  hardened. 

In  making  my  inspection  I  had  an  opportunity  to  go  over  the  entire  railroad  and 
observe  the  rail  condition  in  general  from  a  business  car  on  the  rear  end  of  a  passenger 
train.  Subsequently  I  then  went  ovei  portions  of  the  line  on  a  track  motor  car  and 
obtained  rail  contours  at  various  locations  on  tangent  and  curved  track.  Also  I  was 
given  an  opportunity  to  make  measurements  of  wheel  contours,  new,  moderately  worn, 
and  worn  to  the  point  of  requiring  recontouring.  From  these  data  I  was  able  to  prepare 
some  drawings  to  show  the  condition  of  wheel  bearing  on  typical  tangent  and  curve- 
worn  rail.  Also  I  was  subsequently  furnished  by  Mr.  Monaghan  with  some  photographs 
showing  rail  condition  on  various  parts  of  the  line.  From  these  drawings  and  photographs 
I  have  prepared  some  slides  which  I  believe  will  be  of  interest  to  you. 

Slide  1* — This  slide  shows  at  the  top  the  standard  AAR  multiple  wear  or  MW  wheel 
contour.  This  is  a  contour  to  which  the  QNS&L  purchase  new  wheels  or  recommits 
wheels  as  required.  An  MW  wheel  is  one  that  has  sufficient  tread  thickness  so  that  ii  can 
be  recontoured  in  a  wheel  lathe,  usually  twice.  The  contours  designated  on  the  slide  as 
medium-worn  wheels  show  the  comparison  or  amount  of  wear  as  related  to  the  new 
wheel  contour  which  is  indicated  by  the  dotted  line.  At  the  bottom  is  shown  a  pair  of 
wheels  that  had  been  removed  because  of  the  amount  of  wear  and  were  in  the  shop 
to  be  recontoured. 

Slide  2 — This  slide  shows  the  bearing  condition  of  new  wheels  on  typical  worn  rail 
contours  taken  on  tangent  track.  In  the  top  part  of  the  slide  the  wheels  are  drawn  to  be 
centrally  positioned.  Immediately  below,  the  wheels  are  drawn  to  show  the  wheel  contact 
if  they  were  moved  as  far  to  the  left  as  the  rail  gage  would  permit.  I  would  like  to  call 
your  attention  particularly  to  the  almost  line  contact  bearing  at  an  angle  of  about  45  deg 
of  the  wheel  flange  and  the  rail  corner.  At  the  bottom  the  wheels  are  shown  moved  as 
far  to  the  right  as  the  rail  gage  will  permit  and  here  again  we  have  almost  a  line  contact 
bearing.  You  will  note  that  there  is  no  bearing  of  the  wheel  on  the  gage  corner  tor  a 
width  on  the  order  of  34  to  1  in. 

Slide  3 — This  slide  shows  bearing  conditions  of  medium-worn  wheel-  on  the  same 
typically  worn  tangent  rail.  Incidentally  I  should  state  here  that  this  rail  ha-  carried 
about  125,000,000  gross  tons  of  traffic  since  the  line  was  completed  and  put  in  operation 
in  1954.  At  the  top  of  the  slide  the  wheels  are  shown  centered  in  the  track  and  imme 
diately  below  they  are  shown  to  the  extreme  left  position  permitted  by  the  wheel  gage 
and  at  the  bottom  to  the  extreme  right  position.  You  will  note  that  there  i-  not  the  line 
Contact  bearing  shown  with  the  new  wheels,  but  that  the  bearing  where  the  wheel  flange 
is  against  the  rail  gage  i-  concentrated  from  the  gage  Corner  for  a  width  of  about  1  in 
toward-   the   center   line   of   the   rail. 

Slide  4   shows   the  same   type  Of  information   for  the  badly   worn   wheels.   Noting  the 

conditions  where  the  wheel  flanges  arc  to  the  extreme  left,  th«-  second  drawing  from  the 

top,   Or   the   wheels   to   the  extreme    right    at    the   bottom   of   the   slide,   it    will   be   observed 

that   tor  the  badly  worn  wheel-  when  the  wheel  flange  is  against  the  rail  gage  there  i- 

about    the   same    bearing   condition    a-    with    the   moderately    worn    wheel-   except    thai    the 

width  ot"  tin-  bearing  appears  to  be  somewhat  greater. 
•   I  he    lidi     pn  •  nted  bj    Mr    Magi  t  in    n\ lui  "I  on 
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Slide  S  shows  the  bearing  condition  of  new,  medium-worn  and  badly  worn  wheels 
on  typical  curve-worn  rail  with  the  wheels  hugging  the  outside  or  high  rail  in  each 
instance  as  the  leading  axle  of  a  four-axle  truck  tends  to  do  when  traversing  a  curve. 
It  will  be  observed  here  that  with  the  new  wheels  there  is  again  almost  a  line  contact 
bearing  at  the  gage  corner.  The  bearing  is  more  uniform  around  the  gage  corner  of  the 
high  rail  with  the  medium  worn  wheels  and  is  quite  uniform  with  the  badly  worn 
wheels.  It  will  also  be  observed  that  there  is  a  good  width  of  bearing  on  the  opposite 
or  low  rail  with  both  the  medium  worn  and  badly  worn  wheels. 

Slide  6  shows  the  bearing  condition  of  new,  medium-worn  and  badly  worn  wheels 
on  new  rail  with  the  wheels  positioned  to  the  extreme  right.  This  represents  the  condition 
that  the  wheel  on  the  leading  axle  of  each  truck  would  have  with  new  rail  laid  on  the 
high  rail  of  a  curve.  Again  I  would  call  your  attention  to  the  fact  that  the  drawing  at 
the  top  for  the  new  wheels  shows  a  line  contact  bearing  at  the  gage  corner  with  no 
bearing  from  that  point  for  a  distance  of  54  to  1  in  towards  the  center  of  the  rail  head. 
On  the  other  hand  the  drawings  for  the  medium  and  badly  worn  wheels  show  a  uniform 
bearing  from  the  gage  corner  over  to  about  the  middle  of  the  rail  head.  I  would  like  to 
state  here  that  when  we  designed  the  contour  for  the  115  RE  and  132  RE  rail  it  was 
made  to  conform  to  the  contour  that  we  had  found  the  rail  to  naturally  assume  in  track 
from  wheel  wear. 

I  would  now  like  to  show  some  photographs  of  the  observed  rail  condition  for 
tangent  and  curved  track  and  compare  that  condition  with  what  I  have  observed  on 
track  in  the  United  States  with  similar  traffic  density,  grades  and  curvature  but  having 
the  general  run  of  wheel  loads  as  they  exist  here  in  contrast  with  the  relatively  much 
heavier  loads  on  the  QNS&L.  It  was  my  impression  that  the  development  of  shelling 
on  the  high  rail  of  curves  was  much  heavier  and  occurred  earlier  than  in  the  United 
States.  However,  I  was  more  concerned  with  the  condition  of  rail  on  tangent  track. 
I  do  not  want  to  give  the  impression  that  the  picture  I  am  now  going  to  show  repre- 
sents the  tangent  track  condition  throughout,  but  this  condition  was  observed  with 
enough  frequency  to  make  me  feel  that  the  life  of  the  rail  is  going  to  be  considerably 
less  on  tangent  with  the  heavy  wheel  loads  on  the  QNS&L  because  of  this  condition 
than  would  obtain  in  the  United  States  with  our  general  run  of  wheel  loads. 

Slide  7  shows  the  condition  on  tangent  track  depicting  rail  in  the  early  stages  of  the 
development  of  head  checks  on  the  gage  corner.  These  do  not  show  up  too  well  in  the 
photograph,  but  I  believe  you  will  be  able  to  observe  one  or  two  of  the  larger  head 
checks. 

Slide  8  shows  a  condition  where  there  is  an  advanced  stage  of  development  of  head 
checks  with  some  spalling  out  of  the  metal  having  developed  between  these  head  checks. 
In  some  locations  on  tangent  track  I  observed  what  appeared  to  be  very  deep  and  sharp 
head  checks  extending  from  the  gage  corner  almost  half  way  across  the  rail  head.  At 
other  locations  these  head  checks  had  apparently  progressed  in  growth  until  the  metal 
spalled  out  between  them.  This  is  indicated  to  some  extent  in  this  slide  and  still  more 
so  in  Slide  9  where  the  head  checks  have  progressed  into  a  deep  spalling  condition. 

In  Slide   10  is  shown  a  condition  of  shelling  that  has  developed  on  tangent  track. 

In  Slide  11  is  shown  a  detected  transverse  defect  that  developed  on  tangent  track, 
probably  a  detailed  fracture  from  head  checks  and  spalling.  The  location  of  the  detected 
defect  is  at  the  right  hand  side  of  the  photograph  where  you  will  note  the  crayon  mark 
on  the  gage  side  of  the  rail  head. 

It  was  my  impression  from  observing  the  condition  of  the  rail  on  tangent  track 
generally  on  the  QNS&L  that  due  to  the  development  of  head  checks,  spalling  and  shelling 
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from  the  high  wheel  contact  pressures,  and  the  transverse  progressive  fractures  that  may 
be  expected  to  result  therefrom,  or  the  condtion  of  the  rail  surface  becoming  too  rough 
to  permit  economical  track  maintenance,  that  the  life  of  this  rail  in  gross  tons  ol  traffil 
carried  will  not  exceed  50  percent  of  what  we  would  expect  from  this  rail  in  the  United 
States  with  the  normal  run  of  wheel  loads. 

Slide  12  shows  a  condition  of  shelling  developed  on  the  high  rail  of  a  curve.  This 
rail  was  transposed  from  the  low  rail  to  the  high  rail  in  the  fall  of  1958  and  had  carried 
the  summer  traffic  of  1959  and  1960,  or  about  50,000,000  gross  tons  before  this  shelling 
condition  developed. 

The  remarks  I  have  made  are  in  no  way  critical  of  the  QNS&L  Railroad.  It  teas 
my  observation  that  the  property  was  being  very  well  maintained  and  efficiently  oper 
ated.  It  should  be  recognized  that  one  condition  existed  on  this  railroad  that  does  Dot 
exist  on  railways  in  the  United  States,  and  that  is  that  when  it  was  put  in  operation 
initially  all  of  the  wheels  had  the  new  AAR  contour  and  I  would  suspect  that  some  <>i 
the  rail  damage  was  the  result  of  the  concentrated  or  line  bearing  condition  of  tin 
wheel  contour  on  the  rail  corner  that  I  have  depicted  in  the  preceding  slides. 

Slide  13  shows  a  proposed  modification  in  the  AAR  M\V  wheel  contour  that  was 
suggested  by  R.  M.  Pilcher,  engineer  tests  of  the  Norfolk  &  Western  Railway.  In  this 
slide  Mr.  Pilcher's  suggested  contour  is  shown  with  the  heavy  line  as  compared  with 
the  present  AAR  contour  indicated  by  the  dashed  line. 

Slide  14  shows  what  the  bearing  condition  would  be  of  this  proposed  wheel  contour 
on  new   132   RE  rail  set  at   1   in  40  cant  when  the  wheel  flange  is  contacting  th< 
side.    It   will   be   observed   that   the   contact  is  in   a   vertical   plane   rather   than    the   line 
bearing  on  a  45-deg  angle  shown  in  the  earlier  slide  for  the  AAR  new-wheel  contour 
on  the  new  rail  section. 

Slide   15   shows  the   condition   that   would  obtain   with   the  proposed  wheel  contour 
on  typical  worn  rail  on  tangent  track.  It  would  be  expected  that  this  contact  condition 
would  grind  off  the  overflowing  lip  of  metal  and  give  a  better  rail  condition  at  th< 
corner. 

Slide  16  shows  the  proposed  modified  wheel  contour  as  the  bearing  condition  would 
be  on  the  typical  worn  rail  on  the  outside  of  a  curve.  Here  again  it  will  be  observed 
that  the  bearings  condition  has  been  improved. 

I  suggested  to  the  QXS&L  that  they  equip  a  few  cars  with  Mr.  Pilcher--  suggested 
wheel  contour  to  determine  whether  it  would  result  in  a  shortened  wheel  life,  which  I 
anticipated  might  be  the  case.  If  not  I  believe  that  this  wheel  contour  would  lie  advan- 
tageous from  the  standpoint  of  reducing  the  development  of  Baking,  particularly  on  the 
gaire  corner  of  rail.  Subsequently  I  have  learned  that  the  new  ore-carrying  line  of  the 
Quebec  Cartier  Mining  Company,  which  is  located  about  50  to  60  mile-  wes!  ol  the 
QNS&L.  expects  to  start  operation  this  summer  and  that  they  have  arranged  to  turn  all 
of  the  wheels  on  their  500  ore  carrying  cars  to  this  proposed  contour.  This  railroad  i- 
also  arranging  to  periodically  take  wheel  contours  and  rail  contours  and  keep  US  advised 
of  the  condition  of  rail  and  wheel  wear  that  results  therefrom.  This  will  certainlj  pro 
vide  us  with  complete  and  comprehensive  data  as  to  whether  this  proposed  modified 
contour  will   be  helpful   to   the  rail  and   to   what   extent   and  also   uh.it   el'fe.  I    it    will   have 

.,n  wheel  wear.  However.  I  have  no  expectation  that  modification  ol  the  wheel  contour 
will  be  the  solution  to  the  prevention  of  tin-  head  checks,  spalling  and  shelling  condi- 
tion that  were  shown  in  th.-  previous  did,-    It   i-  m\    personal  conviction  thai   it 
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Slide  1 — New  and  worn  wheel  contours. 
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WHEELS  TO  RIGHT 
Slide  2 — New  wheels  on  typical  worn  rail — tangent  track. 
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WHEELS  TO  RIGHT 
Slide  3 — Medium-worn  wheels  on  typical  worn  rail — tangent  track. 


WHEELS  TO  RIGHT 
Slide  4 — Badly  worn  wheels  on  typical  worn  rail — tangent  track. 


962 


Rail 


^\ 


*  r  BADLY   WORN  WHEELS 

Slide  5 — New,  medium-worn,  and  badly  worn  wheels  on  typical 
curve-worn  rail. 
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Slide  6 — New,  medium-worn,  and  badly  worn  wheels  on  new  rail. 
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Slide    13 — Comparison  of  proposed  modified   MW  wheel   contour 
with  AAR  MW  contour. 
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<"-   Slide  14 — Proposed  modified  MW  wheel  contour  on  new  132  RE  rail. 
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Slide  15 — Proposed  modified  MW  wheel  contour  en  typical 
worn  rail — tangent  track. 


Slide  16 — Proposed  modified  MW  wheel  contour  on  typical  curve-worn  rail. 
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utmost  importance  to  maintain  a  relation  between  wheel  load  and  wheel  diameter  as 
recommended  by  the  Joint  Committee  if  we  are  to  "hold  the  line"  on  the  amount  of 
rail  damage  from  wheel  contact  pressures.   [Applause] 


Chairman   Crane:    Thank  you  very  much,  Mr.  Magee. 

Mr.  President,  this  concludes  the  report  of  Committee  4  and  also  my  term  as  chair- 
man of  this  committee.  I  should  like  at  this  time  to  express  my  personal  thanks  to  all 
members  of  the  committee  and  to  the  chairmen  of  each  subcommittee  for  their  support 
and  assistance,  without  which  the  work  of  this  committee  could  not  have  progressed. 

It  is  also  my  pleasure  at  this  time  to  present  to  you  and  to  the  Association  the  new 
officers  of  our  committee.  First,  O.  E.  Fort,  assistant  chief  engineer,  Eastern  District, 
St.  Louis-San  Francisco  Railway,  our  new  secretary. 

Next,  J.  A.  Bunjer,  chief  engineer,  Union  Pacific  Railroad,  our  new  vice  chairman. 

Last,  W.  J.  Cruse,  engineer  maintenance  of  way,  Great  Northern  Railway,  who  will 
be  our  new  chairman. 

President  Brown:  Thank  you,  Mr.  Crane.  The  Association  appreciates  the  fine 
leadership  which  you  have  given  to  the  Rail  committee  during  the  past  three  years. 
Each  year,  with  the  cooperation  of  Mr.  Magee  and  members  of  his  staff,  the  rail  manu- 
facturers, Professor  Cramer,  and  a  number  of  railroads,  your  committee  has  come 
through  with  valuable  reports,  and  this  year  has  been  no  exception. 

Thank  you,  Mr.  Magee,  for  your  significant  observations  on  the  effect  of  heavy 
wheel  loads  on  rail  on  the  Quebec,  North  Shore  &  Labrador. 

Mr.  Cruse,  you  have  done  a  fine  job  as  vice  chairman  of  Committee  4  and  as  chair- 
man of  its  Subcommittee  on  Revision  of  Manual,  and  we  are  pleased  to  see  you  advance 
to  chairman  of  the  committee.  Mr.  Bunjer,  I  congratulate  you  on  your  appointment  as 
vice  chairman  of  the  committee. 

Mr.  Cruse,  I  have  here  a  chairman's  gavel  with  your  name  on  it,  which  I  am  pleased 
to  present  to  you. 

Mr.  Crane,  again  our  thanks  to  you  and  your  committee.  You  are  now  excused. 
[Applause] 

Discussion  on  Continuous  Welded  Rail 

[For  report  see  Bulletin  563,  pp.  715-732.] 

[President  Brown  presiding.] 

President  Brown:  Gentlemen,  the  last  of  our  committees  to  report  to  this  conven- 
tion is  our  Special  Committee  on  Continuous  Welded  Rail.  The  chairman  of  this  com- 
mittee is  F.  L.  Rees,  division  engineer,  Santa  Fe,  at  Fort  Madison,  Iowa. 

Mr.  Rees,  I  am  ready  to  turn  the  meeting  over  to  you  as  soon  as  your  committee 
seats  themselves  at  our  speaker's  tables — and  incidentally,  as  a  member  of  this  com- 
mittee, I  shall  plan  to  stay  up  here  myself. 

Mr.  Rees,  will  you  take  over  now,  please. 

Chairman  F.  L.  Rees:  Mr.  President,  members  of  the  Association  and  guests: 

This  committee  presents  reports  today  on  five  topics.  These  reports  may  be  found 
in  Bulletin  563  beginning  on  page  715.  The  committee  hopes  that  the  material  contained 
in  these  reports  will  be  of  value  to  you  in  future  problems  involving  welded  rail. 
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Assignment  1 — Fabrication. 

Chairman  Rees:  The  report  on  Assignment  1  will  be  given  b)  Subcommittee  Chair 
man  A.  H.  Galbraith,  welding  engineer  with  the  Santa  Fe.  It  was  desired  to  present  t<» 
the  membership  specifications  for  the  fabrication  of  welded  rail;  however,  (hire  was 
considerable  controversy  over  the  specifications,  and  it  was  agreed  that  the  entire  mem- 
bership should  have  a  chance  to  voice  their  thoughts  as  to  how  the  specifications  should 
read.  I  might  point  out  that  the  discussion  centered  around  the  10  percent  tolerance 
given  the  fabricator  within  the  maximum  misalinement  ranges  given  for  each  category. 
Mr.  Galbraith. 

A.  H.  Galbraith:  Mr.  President,  members  of  the  committee  and  fellow  railroad 
enthusiasts: 

In  cooperation  with  the  United  States  Government  in  the  last  six  years,  I  have  had 
an  opportunity  to  discuss  the  welded  rail  situation  with  railroad  people  from  Fairbanks 
to  Bangkok  and  Vladivostok  to  the  land  influenced  by  Mr.  Kasavubu.  Seemingly  upper 
most  in  the  minds  of  most  of  these  people  is  the  difficulty  of  making  a  welded  joint  that 
does  not  look  like  a  sore  thumb  or  a  dog's  hind  leg.  Most  of  these  people  would  like 
advice  and  moral  support  on  just  how  much  of  this  can  be  tolerated. 

It  has  been  the  experience  of  myself  and  others  that  what  the  welded-rail  fabricator 
needs  most  is  not  so  much  an  inflexible  Ten  Commandments  but  a  set  of  standard-  to 
cover,  say,  90  percent  of  the  welds  he  makes,  and  a  sort  of  elastic  rule  to  cover  those 
situations  when  he  finds  it  impossible  to  be  perfect,  so  to  speak. 

Therefore,  gentlemen,  I  present  to  you  the  controversial  material  in  Bulletin  563, 
page  715,  for  your  serious  comment  and  criticism,  constructive  or  otherwise,  and  both 
oral  and  written.  I  invite  your  comments. 

President  Brown:  Are  there  any  comments? 

Chaibman  Rees:  I  might  add  that  in  the  future  we  plan  to  present  this  as  a  recom- 
mendation for  inclusion  in  the  Manual.  We  certainly  would  appreciate  any  discus-ion 
of  it. 

Mr.  Galbraith:  I  might  add  that  when  we  brought  this  up  in  December  we  struck 
a  hornet's  nest,  and  I  thought  maybe  we  might  turn  another  nest  over  here  in  this 
convention. 

President  Brown:  Perhaps  the  members  might  be  a  little  worn  out  by  now  Attn 
they  get  home  and  read  the  Bulletin  a  little  more  carefully  they  can  send  you  their 
criticisms.  Apparently  there  are  no  criticisms  to  be  voiced  lure  this  morning. 

Mr.  Galbraith:  That  concludes  my  report,  Mr.  President.  I  invite  all  members 
to  read  the  report  in  the  Bulletin. 

Chairman  Rf.es:  Appendix  1-a  illustrates  the  service  failures  encountered  in  welded 
rail.  It  was  felt  that  the  nomenclature  of  these  failures  should  he  submitted  to  you  SO 
that  we  could  all  have  a  common  basis  for  discussing  weld  failures,  I  wish  to  thank 
Kurt  Kannowski  and  G.  M.  Magec  for  this  excellent   report 

Assignment  2 — Laying. 

Chairman  Rees:  Assignment  2  is  a  compilation  of  the  growth  of  welded  rail  Since 
the  subcommittee  chairman,  President  Brown,  i-  well  occupied  with  other  duties,  and 
rather  looks  with  askance  on  moonlighters,  1  will  .all  on  ('  R  Meniman.  engineer 
maintenance   of   way,   Chicago   South    Shore   8l    South    Bend    Railroad,    for   In-   comment. 

C.  R.  MeRRTMAN:  I  am  not  going  to  read  the  report  on  this  a-i-nment  h.  .  lUSC  it  is 
in  the  Bulletin  and  I  am  sure  you  understand  it.  However.  I  am  going  to  tell  you  that 
again    we    solicit    your    help    this    year    in    keeping    our    record    of    mileage    "i    continuous 
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welded  rail  up  to  date.  When  we  send  the  letter  out  we  would  like  your  prompt  reply. 

We  also  would  like  you  to  keep  us  informed  of  any  changes  you  may  make  in  your 
welded  rail  laying  gangs  because  of  new  machinery  or  further  utilization  of  your  present 
equipment,  so  that  we  can  report  them  to  the  Association. 

President  Brown:  Thank  you,  Mr.  Merriman.  I  personally  appreciate  what  you 
have  done  in  presenting  this  report  for  me. 

Assignment  3 — Fastenings. 

Chairman  Rees:  Assignment  3  represents  a  breakthrough  for  this  committee,  since 
it  is  the  first  recommendation  submitted  for  inclusion  in  the  Manual.  D.  T.  Faries,  chief 
engineer,  Bessemer  &  Lake  Erie,  will  present  the  recommendation  and  moderate  the 
discussion.  Mr.  Faries. 

D.  T.  Faries:  This  is  a  final  report  on  Recommended  Anchorage  Pattern  for  Con- 
tinuous Welded  Rail. 

It  is  obviously  impractical  for  this  subcommittee  to  make  a  recommendation  that 
would  provide  anchorage  patterns  to  cover  all  the  various  conditions  of  temperature 
range,  traffic,  grade,  ballast,  speed  and  tonnage  under  which  welded  rail  is  laid.  There- 
fore, we  recommend  an  anchorage  pattern  which  we  feel  will  provide  safe,  adequate 
anchorage  of  welded  rail  for  heavy-duty,  high-speed  main-line  track  where  rail  is  laid 
under  reasonable   tie,  ballast  and  temperature  conditions. 

Mr.  President,  I  move  that  the  recommendation  of  your  subcommittee,  printed  on 
page  728,  Bulletin  563,  covering  Rail  Creepage — Number  and  Position  of  Rail  Anchors 
(Continuous  Welded  Rail),  be  approved  for  printing  in  the  Manual. 
[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  5 — Economics. 

Chairman  Rees:  Assignment  5  is  one  of  the  most  difficult  assignments  the  Special 
Committee  has,  yet  it  is  the  crux  of  every  engineering  problem.  It  is  possible  that  we 
lack  a  common  datum  to  start  from  and  must  depart  somewhat  from  the  Uniform 
System  of  Accounts,  but  not  so  far  that  the  cost  allocations  cannot  be  made  under  the 
Uniform  Accounting  System. 

Subcommittee  Chairman  W.  J.  Cruse,  engineer  maintenance  of  way,  Great  North- 
ern Railway,  has  wrestled  with  this  problem  before,  and  will  present  the  latest  study. 

W.  J.  Cruse:  Mr.  President,  members  and  guests: 

The  report  on  Assignment  5 — Economics,  as  set  forth  in  Bulletin  563,  pages  728  to 
730,  incl.,  is  presented  as  information.  This  report  illustrates  the  economies  that  can  be 
derived  by  a  railroad  owning  and  operating  its  own  welding  equipment.  The  cost  figures 
shown  in  the  report  cover  the  welding  plant  operation  on  a  12-months,  6-months,  and 
3-months  basis. 

The  committee  wishes  to  thank  the  Santa  Fe  Railway  for  its  cooperation  in  pre- 
paring this  report. 

Assignment  6 — Welding  Second-Hand  Rail. 

Chairman  Rees:  Assignment  6  is  concerned  with  the  welding  of  second-hand  rail 
and  is  closely  related  to  the  report  just  presented.  As  the  industry  seeks  ways  to  econ- 
omize, it  is  possible  that  welding  second-hand  rail  will  prove  to  be  one  of  them.  Sub- 
committee Chairman  H.  F.  Gilzow,  process  engineer,  Frisco  Railway,  Springfield,  Mo., 
will  report  on  this  subject. 

H.  F.  Gilzow:   Mr.  President,  members  and  guests: 
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The  report  on  Welding  Second-hand  Rail  is  included  as  information  in  Bulletin  563, 

pages  731  and  732.  This  report  points  out  that  second-hand  rail  can  be  welded  satis- 
factorily, and  should  not  be  overlooked  as  a  possibility  to  help  stretch  our  maintenance 
dollar. 

We  call  your  attention  to  this  fact  and  hope  that  you  will  study  this  report. 


Chairman  Rees:  This  committee  since  its  inception  has  attempted  to  attract  the 
best  men  to  serve  to  familiarize  you  with  the  problems  of  welded  rail,  of  which  there 
are  many.  These  men  have  devoted  many  hours  of  their  time  so  that  you  might  profit 
by  their  labors.  Any  committee  is  only  as  strong  as  the  subcommittee  chairmen  who 
prepare  the  reports  on  these  assignments.  It  is  indeed  an  honor  to  work  with  such  men, 
and  I  might  add  that  such  men  are  difficult  to  keep. 

Our  president  is  chairman  of  Subcommittee  2.  Bill  Cruse,  whom  you  all  know,  has 
proven  so  valuable  to  the  AREA  that  he  has  had  to  relinquish  his  position  as  chair- 
man of  Subcommittee  5  to  become  chairman  of  Committee  4 — Rail.  Earl  Hackert,  for- 
mer chairman  of  Subcommittee  4,  found  that  his  talents  had  been  recognized  by  his 
company;  he  was  given  an  assignment  in  the  transportation  department  and  therefore 
had  to  give  up  the  chairmanship  of  Subcommittee  4. 

Talented  men  such  as  these  are  hard  to  retain.  I  wish  to  thank  them  for  all  the 
work  they  have  done  in  order  to  present  this  information  to  you.  Also,  I  wish  to  thank 
the  officers  of  this  Association  for  their  splendid  example  and  leadership,  and  excellent 
organization  of  a  fine  convention. 

Special  Feature 

Chairman  Rees:  We  will  now  proceed  with  the  motion  picture,  "Laying  Continuous 
Welded  Rail  on  the  Santa  Fe's  44-Mile  Line  Change  in  Northern  Arizona." 

[The  film  was  shown. 1   [Applause] 

President  Brown:  Thank  you,  Mr.  Rees.  Your  committee  has  presented  a  number 
of  informative  reports  on  this  growing  and  increasingly  important  development  in  the 
track  structure.  I  congratulate  the  committee  on  getting  its  first  document  in  the  AREA 
Manual,  even  though  it  will  appear  in  Chapter  5.  We  appreciate,  too,  your  bringing  t" 
us  that  splendid  film  showing  the  laying  of  continuous  welded  rail  on  the  Santa  Fe's 
line  change. 

Thank  you  again,  Mr.  Rees,  and  all  the  members  of  your  committee.  You  end  the 
reports  of  our  technical  committees  to  this  convention  on  a  high  note.  You  are  now 
excused  with  the  thanks  of  the  Association.  [Applause] 


President  Brown:  Gentlemen,  we  have  picked  up  a  little  time.  In  a  previous  ses- 
sion we  had  to  dispense  with  Mr.  Woolford's  slides  because  of  the  lack  of  time.  It  will 
take  about  20  min  to  show  them,  so  we  will  ask  Mr.  Woolford  In  come  up  to  the 
speaker's  table  and  show  his  slides. 

[Mr.  Woolford  showed  slides  taken  during  his  inspection  of  the  Railroads  in 
European  Russia  and  other  European  countries.]    [Applause] 

President  Brown:  Thank  you,  Mr.  Woolford.  I  am  sun  you  all  agree  that  the* 
few    minutes   taken   to   view    the   slides   wen-   well   worth    while. 
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Closing  Business  Session 

President  Brown:  We  have  completed  consideration  of  the  committee  reports  to 
come  before  this  convention.  I  hope  that  you  will  remain  for  our  closing  business  ses- 
sion, to  begin  immediately,  which  will  include  the  installation  of  our  new  officers  for 
the  ensuing  year.  We  have  a  good  group  here  now,  and  I  want  you  to  know  that  I 
appreciate  it  very  much. 

You  will  be  interested  to  know  that  the  registration  is  as  follows:  Railroad  men, 
1367.  Non-railroad  men,  982.  Total  registration,  2349. 

Before  convening  our  business  session,  I  want  to  take  this  opportunity  to  thank 
(inadequately  as  it  must  be)  everyone  who  has  contributed  to  the  work  of  our  Associa- 
tion during  the  past  year  and  to  the  success  of  this  convention.  I  am  sure  that  our 
convention  has  been  a  success,  measured  from  any  standpoint,  and  that  with  the  exhibit 
it  has  more  than  justified  itself,  as  your  Board  of  Direction  said  it  would. 

Speaking  of  the  exhibit,  we  are  deeply  indebted  to  the  NRAA  and  especially  to 
President  Cavins  and  members  of  his  Board,  for  the  wonderful  exhibition  that  they  put 
on.  Like  the  convention  itself,  I  am  sure  the  exhibit  paid  off  in  value  to  the  railroad 
men  who  observed  it,  and  I  hope  the  manufacturers  think  it  was  equally  successful  from 
their  standpoint. 

There  are  so  many  to  whom  I  personally  am  indebted  in  connection  with  this  con- 
vention that  I  cannot  possibly  name  them  all  here ;  but  I  do  want  to  express  special 
appreciation  to  our  executive  secretary  and  members  of  his  staff  for  their  detailed  plan- 
ning of  this  convention ;  and  to  Chairman  Stark  Tracy  and  members  of  his  Committee 
on  Convention  Arrangements  for  the  splendid,  double-barreled  job  which  they  have  done 
here  and  at  the  Conrad  Hilton  Hotel  in  executing  these  plans. 

Other  than  our  past  presidents  and  myself,  few  are  in  a  position  to  know  the  multi- 
tude of  details  handled  by  this  committee,  and  how  easily  things  could  get  fouled  up 
if  it  were  not  for  their  diligence  and  vigilance. 

I  want  to  join  with  Mrs.  Brown  in  thanking  all  those  ladies  who  contributed  so 
much  to  the  planning  and  execution  of  the  social  functions  of  our  convention  for  the 
ladies.  I  must  admit  that,  tied  down  here  at  the  convention  sessions,  I  cannot  comment 
on  the  execution  of  these  functions  from  personal  observations;  but  from  all  reports 
reaching  me  they  were  again  delightful  and,  I  hope,  fully  enjoyed  by  your  wives. 

Gentlemen,  I  now  call  to  order  the  closing  business  session  of  this  convention.  Is 
there  any  other  business  to  come  before  us? 

B.  R.  Meyers   (C&NW):  Mr.  President,  may  I  have  the  privilege  of  the  rostrum? 

Mr.  President,  members  and  guests,  including  the  ladies: 

I  have  two  very  pleasant  duties  to  perform  at  this  time.  The  first  is  to  welcome 
Mr.  Brown  into  the  fraternity  of  past  presidents,  and  to  point  out  to  him  that  he  has 
a  great  opportunity  to  continue  service  to  this  Association  through  sharing  his  advice 
and  counsel,  especially  during  the  next  two  years  when  he  will  still  be  on  the  Board 
of  Direction. 

The  second  is  to  present  to  you,  Mr.  Brown,  a  beautiful  bronze  plaque  which 
represents  the  feeling  of  all  of  us  in  AREA.  I  hope  you  will  put  it  somewhere  where 
you  will  see  it  every  day,  and  as  time  goes  on  it  will  become  a  daily  reminder  of  one 
of  the  most  fruitful  and  pleasant  years  of  your  life. 

I  would  like  to  read  what  the  plaque  says: 

"The  American  Railway  Engineering  Association  records  its  grateful  appreciation  to 
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Elzear  J.  Brown  for  his  able  administration  of  the  affairs  of  the  Association  during  his 
term  as  President,  1960-1961."   [Applause] 

President  Brown:  Thank  you  very  much.  May  1  say,  Mr.  Meyers,  members  of 
the  Association  and  ladies,  that  I  am  deeply  moved  by  this  remembrance  ol  my  past 
year  as  president. 

As  I  have  said  many  times  before,  it  has  been  a  most  interesting  year  to  me.  Little 
did  I  think,  when  I  joined  this  Association,  that  one  day  I  would  be  directing  its  activi- 
ties. In  realizing  this  goal  I  must  state  in  all  fairness  that  I  have  received  much  more 
from  this  Association  than  I  have  personally  put  into  it,  even  though  through  the  years 
I  have  worked  as  diligently  as  I  knew  how.  This  plaque  will  find  a  prominent  place- 
where  it  will  be  a  constant  reminder  of  the  very  pleasant  year  just  past. 

Thank  you  again.  [Applause] 

I  now  want  to  thank  again  each  member  of  our  Board  of  Direction  for  his  counsel, 
advice  and  support  during  the  past  year,  and  especially  those  members  who  are  retiring 
from  the  Board,  having  completed  their  terms  of  office. 

The  close  of  this  annual  meeting  completes  the  service  on  the  Board  of  Past  Presi- 
dent Meyers,  vice  president  and  chief  engineer  of  the  Chicago  &  North  Western,  under 
the  provision  of  the  Constitution  that  past  presidents  remain  on  the  Board  for  only  two 
years  following  the  completion  of  their  term  of  office  as  president. 

The  four  directors  who  are  completing  their  service  on  the  Board  are:  W.  W.  Hay, 
professor  of  railway  civil  engineering,  University  of  Illinois;  W.  M.  Jaekle,  general  man- 
ager, Southern  Pacific  Company;  T.  F.  Burris,  chief  engineer — system,  Chesapeake  & 
Ohio  Railway;  and  T.  M.  von  Sprecken,  retired  assistant  to  chief  engineer,  Southern 
Railway.  All  of  these  men  have  served  your  Association  well  in  their  official  capacities 
on  the  Board,  and  any  further  words  I  might  say  would  be  inadequate  to  express  our 
deep  appreciation. 

To  the  extent  that  Past  President  Meyers  and  our  retiring  directors  are  here  this 
morning,  I  shall  be  glad  if  they  will  stand  and  permit  us  to  give  them  a  hand.  [Applause] 

I  now  have  the  pleasure  and  privilege  of  presenting  to  you  the  new  directors  and 
officers  whom  you  have  elected  for  the  ensuing  year.  As  I  read  the  names  of  our  new 
directors  I  shall  appreciate  their  coming  to  the  speaker's  table  and  taking  places  at  my 
right. 

J.  H.  Brown,  assistant  chief  engineer,  Western  District,  St.  Louis-San  Francisco 
Railway,  Springfield,  Mo. 

J.  E.  Eisemann,  chief  engineer,  Western  Lines,  Atchison,  Topeka  &  Santa  Fe  Railway, 
Amarillo,  Tex. 

W.  H.  Huffman,  assistant  chief  engineer — construction,  Chicago  &  North  Western 
Railway,  Chicago. 

F.  R.  Smith,  chief  engineer,  Union  Railroad.  East  Pittsburgh,  Pa. 

Gentlemen,  I  congratulate  you  upon  your  election  as  Directors  of  this  Association, 
and  welcome  you  to  the  Board  of  Direction.  It  is  an  office  of  high  honor  and  responsibil- 
ity which  you  assume,  but  I  know  you  merit  the  honor,  that  you  will  enjoj  your  service 
on  the  Board  for  the  next  three  years,  and  that  you  will  bring  much  ol  value  to  its 
deliberations. 

Again,  my  congratulations    You  may  lie  seated.   [Applause] 

Our  senior  vice  president  is  C.  J.  Code,  assistant  chief  engineer  --tail.  Pennsylvania 
Railroad,  who,  under  the  Constitution,  automatically  advances  to  this  position  from 
that  of  junior  vice  president.  Mr.  Code,  will  you  please  come  to  the  platform. 
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Your  newly  elected  junior  vice  president  is  L.  A.  Loggins,  chief  engineer,  Southern 
Pacific  Lines  in  Texas  and  Louisiana,  who  returns  to  the  Board  of  Direction  following 
a  three-year  term  which  ended  with  our  1959  convention.  Mr.  Loggins,  will  you  please 
come  to  the  platform  and  stand  next  to  Mr.  Code. 

Mr.  Code,  it  is  good  to  see  you  move  up  to  a  position  of  greater  responsibility  in 
our  Association,  knowing  from  past  experience  that  you  will  discharge  this  greater 
responsibility  well.   [Applause] 

Mr.  Loggins,  I  congratulate  you  upon  your  election  as  junior  vice  president,  and 
welcome  you  back  on  the  Board.  You  and  Mr.  Code  will  make  an  ideal  team  of  vice 
presidents.  You  may  be  seated.   [Applause] 

As  your  president  for  the  year  ahead,  you  have  elected  R.  H.  Beeder,  chief  engineer, 
Santa  Fe  System.  To  accord  Mr.  Beeder  the  special  recognition  due  him,  I  have  asked 
Past  Presidents  Blair  and  O'Rourke  to  escort  him  to  the  platform,  and  I  would  appreciate 
their  doing  so  at  this  time.   [Applause] 

Mr.  Beeder,  I  congratulate  you  upon  your  election  to  the  highest  position  in  this 
Association,  and  it  is  with  honor  and  pleasure  that  I  proclaim  you  the  newly  elected 
president  of  the  American  Railway  Engineering  Association. 

Even  if  unofficially,  I  am  also  pleased  to  proclaim  Mrs.  Beeder  the  "first  lady"  of 
our  Association. 

On  the  basis  of  past  service,  ability  and  character  you  are  highly  deserving  of  the 
high  honor  bestowed  upon  you,  and  it  is  with  pleasure  and  complete  confidence  that 
I  turn  over  the  responsibilities  of  President  to  you. 

In  doing  this,  I  want  to  present  you  with  this  solid  gold  emblem  of  the  Associa- 
tion, which  bears  the  engraved  words  on  the  back:  "R.  H.  Beeder,  President,  1961- 
1962."  I  know  you  will  wear  this  emblem  with  distinction  to  yourself  and  with  credit 
to  the  Association. 

Now,  Mr.  Beeder,  I  turn  the  rostrum  over  to  you  and  wish  you  a  very  successful 
year.   [Applause] 

President-Elect  Beeder:  Thank  you,  Mr.  Brown.  Ladies  and  gentlemen,  members 
of  AREA  and  guests: 

This  is  a  great  honor.  I  appreciate  the  confidence  you  have  shown  in  me.  I  recog- 
nize the  responsibilities  that  go  with  the  office  of  the  president  of  America's  finest 
engineering  association. 

You  and  I  know  that  filling  the  office  of  president  to  advance  the  affairs  of  the 
Association  is  not  the  work  of  any  one  individual,  nor  can  it  be.  It  has  to  be  the  work 
of  the  responsible  group,  and  the  welfare  of  AREA  will  be  assured  only  through  the 
cooperative  efforts  of  all  of  you. 

Fulfilling  the  duties  of  this  office  of  president  and  the  responsibilities  it  carries  with 
it  would  not  be  possible  without  all  of  you  members  of  AREA,  the  tireless  efforts  of 
our  committees  and  their  chairmen,  our  directors,  the  members  of  the  reseach  staff  of 
AAR,  and  the  dedication  to  duty  of  our  executive  secretary  and  the  folks  in  his  office. 
In  these  changing  times  our  Association  vitally  needs  your  continued  cooperation,  and 
we  are  sure  we  shall  receive  it. 

Thank  you.   [Applause] 

The  Chair  recognizes  C.  R.  Tucker,  vice  president  operations,  Atchison,  Topeka  & 
Santa  Fe. 

C.  R.  Tucker:  Mr.  Beeder,  Mr.  Brown,  ladies  and  gentlemen: 
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I  thought  until  about  10  min  ago  that  I  had  a  very  agile  chiei  i  ngineei  "i  our 
railroad  system,  but  I  find  now  that  two  men  had  to  help  him  up  to  the  rostrum. 
[Laughter] 

I  am  delighted  to  be  here.  About  two  weeks  ago  Charlie  Coverley  and  Wendell 
Wilson  came  by  and  wanted  to  know  if  I  could  attend  this  meeting  today  and  make  .1 
certain  presentation.  I  said  sure,  I  would  be  very  delighted  to  do  so.  I  have  been 
operating  vice  president  for  11  years  and  have  been  called  upon  to  address  certain 
gatherings,  some  of  which  were  difficult  and  others  of  which  were  easy.  I  immediately 
accepted  this  invitation  because  I  knew  that  I  had  an  easy  subject  to  talk  about— Rudy 
Beeder. 

Rudy  has  been  with  our  railroad  for  many,  many  years.  He  started  out  in  an 
unusual  capacity.  He  was  in  the  car  department.  Then  he  spent  about  three  years  in  tin- 
signal  department.  About  that  time  he  decided  he  had  better  select  a  vocation,  so  be 
moved  over  to  the  engineering  department  as  a  draftsman.  He  continued  through  the 
Jine  of  work  as  a  chainman,  rodman,  transitman,  and  then  thought  he  had  better  learn 
something  about  the  water  department,  so  he  moved  there.  He  was  general  foreman  of 
bridges  and  buildings  on  the  Slaton  Division  for  about  three  years.  He  was  later  division 
engineer  at  two  or  three  locations  on  our  system.  He  moved  to  Chicago  as  assistant 
chief  engineer  of  the  system,  and  was  appointed  chief  engineer  of  the  system  on 
December  1,  1958. 

We  of  the  Santa  Fe  have  a  great  deal  of  respect  for  Rudy's  ability.  He  is  a  One 
engineer.  He  is  possessed  with  the  quality  of  getting  along  with  people,  which  is  very, 
very  important  in  any  undertaking. 

I  would  like  to  tell  you  a  little  story;  some  of  you  have  heard  this  many  times. 

I  came  up  in  the  operating  department  as  train  dispatcher  and  chief  dispatcher. 
I  was  working  as  night  chief  dispatcher  one  night  during  the  spring  Height  movement. 
The  load  was  heavy,  and  on  this  particular  night  we  had  a  livestock  extra  that  was 
running  a  little  late  on  its  schedule.  I  said  to  the  call  boy,  "When  you  call  this  crew, 
tell  them  they  are  being  called  for  a  train  that  is  a  little  late  on  the  schedule,  and  1 
would  like  them  to  make  the  best  run  possible,  keeping  safety  in   mind." 

About  an  hour  later  I  talked  to  the  call  boy  and  said,  "What  engineer  did  you  tall 
for   this   livestock    run?" 

He  said,  "Fraser." 

"Did   you    tell   him   about    the   train    being   late?" 

"Yes." 

"What  was  his  response?" 

"YOU   go   back   and   tell   that   chief  dispatcher   that   In-  called   tin-   right    man  " 

So,  you  fellows  have  called  tin-  right  man  in  electing  Rudy  Beeder  a-  your  president, 

I  am  going  to  present  something  in  a  moment  that  ha-  quite  a  Jtor)  behind  it 
I  mentioned  earlier  that  Rudy  was  general  H  &  H  foreman  on  the  Slaton  Division,  and 
he  had  ways  and  means  of  tearing  down  and  building  bridges.  During  hi-  tour  of  dut) 
he  had  a  bridge  repaired  between  San  Angelo  and  Fort  Stockton,  Tea  This  bridge  un- 
supported on  wood  piles.  Later  they  removed  the  piling,  and  one  of  the  piles  was  used 
as  a  fence  post.  Later  on,  alter  we  saw  Rudy  was  doing  so  well  and  was  going  i"  be 
elevated  to  the  presidency  of  this  greal  organization,  hi-  associates  in  the  engii 
department   -aid,  "Let's  take  the  old  fence  |>"-t   ami  have  .1   gavel  made  out  0!  it  " 

That  is  what  I  am  presenting  today,  Rudy,  this  i-  the  gavel  you  had  something 
t<>  do  with  many,  many  years  ago   It  is  made  ol  Bois  d'.m    I  hope  you  can  keep  people 
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in  line  with  it.  This  is  the  striker  for  it.  Good  luck  to  you  and  your  ureal  organization. 
[Applause] 

President-Elect  Beeder:  Thank  you  very  much,  Mr.  Tucker.  The  existence  of 
this  gavel  was  certainly  a  well  kept  secret.  This  will  be  an  honored  possession  for  more 
reasons  than  one.  It  will  have  a  sentimental  value  first.  An  old  friend  of  mine,  Valuation 
Engineer  Mudge,  on  the  Western  lines,  once  told  me  that  Bois  d'arc  wears  like  iron 
for  80  or  90  years  and  then  turns  to  stone.  So,  this  is  certainly  a  permanent  thing. 
Again,  thank  you  very  much. 

Is  there  any  further  business  to  come  before  this  meeting?  If  not,  before  adjourning 
the  meeting  I  should  like  to  remind  all  members  of  the  Board  of  Direction,  including 
the  retiring  members  and  newly  elected  members,  and  all  members  of  the  Committee 
on  Convention  Arrangements,  that  they  will  have  a  joint  luncheon  immediately  following 
the  adjournment  of  this  meeting,  in  Conference  Room  B.  This  will  be  followed  imme- 
diately by  the  post-convention  meeting  of  the  Board  of  Direction,  which  will  be  held 
in  Conference  Room  C. 

Now,  using  this  beautiful  gavel  presented  to  me,  I  declare  the  60th  Annual  Meeting 
of  the  American  Railway  Engineering  Association,  and  concurrent  annual  meeting  of  the 
Engineering  Division,  Association  of  American  Railroads,  adjourned. 

[The  meeting  adjourned  sine  die  at  12:40  pm.] 


REPORT   OF   THE   EXECUTIVE   SECRETARY 

March  1,  1961 
To  the  Members: 

The  Association  started  1960  on  an  even  keel,  with  high  hopes  for  increased  produi 
tivity  and  smooth  sailing  in  the  months  immediately  ahead — but  as  your  secretary  indi- 
cated at  the  time,  "with  a  watchful  eye  to  the  future."  In  1959  it  had  snapped  back 
resiliently  from  the  recession  conditions  which  prevailed  in  19S8,  and,  as  the  result  of 
the  continued  interest  of  its  members,  progressive  actions  on  the  part  of  its  Board,  and 
the  encouragement  of  the  railroads,  it  closed  that  year  with  a  favorable  record  in  every 
important  respect.  Surely  economic  conditions  were  on  the  mend,  railroad  earnings  would 
pick  up,  and  the  Association  was  over  another  hump  and  would  move  forward  auto- 
matically in  1960. 

As  this  report  is  being  written,  it  is  only  too  well  known  that  neither  the  general 
economy  nor  railroad  earnings  lived  up  to  expectations  in  1960,  and  while  the  Association 
did  hold  its  own  in  most  respects,  and  actually  moved  forward  on  some  fronts,  it  was 
for  it  a  year  in  which  its  full  effectiveness  was  hobbled  by  the  necessity  to  restrict  and 
retrench.  Almost  before  the  year's  work  actually  got  underway  following  the  highly 
successful  1960  convention,  the  brakes  began  to  be  applied  by  the  desire  of  the  railroads, 
acting  largely  through  the  Association  of  American  Railroads,  to  effect  economies  in  the 
activities  of  the  many  committees  of  its  various  divisions  and  sections,  including  those 
of  the  AREA  in  its  capacity  as  the  Construction  and  Maintenance  Section  of  the  Engi- 
neering Division.  In  fact,  the  brakes  had  already  been  applied  to  the  activities  of  a  num- 
ber of  AREA  committees  through  a  considerably  restricted  AAR  budget  to  underwrite 
the  research  work  they  had  proposed  to  undertake  or  progress  during  the  year. 

In   full  sympathy   with   the  desire,  if   not  the  necessity,  of   the   railroads  to  effect 
economies  the  Executive  Committee  of  the  Board  cf  Direction,  as  early  as  the  middle 
of  May,  requested  all  AREA  committees  to  put  into  effect  immediately  the  "recession" 
measures  adopted  by  the  Association  in   1958  with  respect  to  their  activities  to  reduce 
the  off-the-job  time  and  traveling  expenses  of  their  members  in  connection  with  attend 
ance  at  committee   meetings.  At   the  same  time   the   Executive  Committee  instigated   a 
review  of  the  desirability  and  feasibility  of  combining  some  of  the  Association's  23  com- 
mittees, which,  in  August,  led  to  a  decision  by  the  Board  to  discontinue  two  committees, 
consolidating  their  assignments  and  personnel  with  two  other  committees,  effective  with 
the  close  of  the  1961  convention  and  the  beginning  of  the  new  Association  year.  One  ..I 
the  committees  eliminated  was  Committee  29 — Waterproofing,  whose  personnel  and  as 
signments  were  absorbed  largely  by  Committee  8 — Masonry,  and  Committee  IS-   tron 
and  Steel  Structures.  The  other  was  Comittee  17— Wood  Preservation,  which  was  com 
bined  with  Committee  3— Ties,  with  the  new  title  Ties  and  Wood  Preservation. 

Serious  consideration  was  also  given  to  the  elimination  of  two  Other  committees 
30 — Impact  and  Bridge  Stresses,  and  the  Special  Committee  on  Continuous  Welded 
Kail — not  in  any  wise  because  of  the  unimportance  of  their  work,  but  because  ol  the 
possibility  that,  with  economy  in  operation,  their  assignments  and  personnel  could  be 
absorbed  by  other  committees.  However,  strong  resolutions  adopted  b)  these  two  com 
mittees  opposing  their  discontinuance,  setting  forth  their  reasons  therefor,  and  raising 
a  serious  question  as  to  whether  their  discontinuance  would,  in  fact,  effect  economy  in 
the  time  and  expense  of  members,  led  to  a  decision  to  defer  further  consideration  of 
discontinuance  of  these  committees  at  the  time. 
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Committees  of  The  Board  of  Direction 

1960-1961 

Executive  Committee 
E.  J.  Brown   (Chairman),  F.  R.  Woolford,  B.  R.  Meyers,  R.  H.  Beeder,  T.  F.  Burris 

Assignments 
C.  J.  Henry  (Chairman),  W.  W.  Hay,  W.  J.  Cruse,  J.  A.  Bunjer,  J.  M.  Trissal 

Personnel 
W.  M.  Jaekle   (Chairman),  C.  R.  Riley,  F.  L.  Etchison,  C.  J.  Henry 

Publications 
T.  Fred  Burris   (Chairman),  W.  E.  Cornell,  T.  M.  von  Sprecken,  W.  B.  Throckmorton 

Manual 
W.  W.   Hay    (Chairman),   C.   J.   Code,   F.   R.   Woolford,   T.   M.   von   Sprecken,   F.   L. 
Etchison 

Membership 

C.  R.  Riley   (Chairman),  W.  M.   Jaekle,  J.  A.  Bunjer,  W.  E.  Cornell,  W.  B.  Throck- 
morton 

Finance 
R.  H.  Beeder   (Chairman),  B.  R.  Meyers,  J.  M.  Trissal 

Research 
W.  J.  Cruse   (Chairman),  Ray  McBrian,  C.  J.  Code 


Late  in  October,  in  a  further  effort  to  effect  economies  Association-wise — looking  to 
the  future — when  it  became  evident  that,  as  the  Construction  and  Maintenance  Section, 
the  Association  could  not  expect  financial  support  from  the  AAR  in  1961  equal  to  that 
in  1960,  the  Board  decided  to  discontinue  the  publication  of  the  bound  annual  volume  of 
the  Proceedings  and,  instead,  to  publish  the  convention  proceedings  in  the  June-July 
issue  of  the  Bulletin,  under  an  arrangement  whereby  members  will  be  given  a  book 
casing-type  binder  to  permit  them  to  bind  all  of  their  Bulletins  for  future  reference. 
Also,  when  the  Board  was  advised  that  the  AAR  would  be  unable  in  1961  to  continue 
its  former  contribution  toward  the  publication  in  the  Bulletin  of  research  reports  pre- 
pared for  AREA  committees  by  members  of  the  Engineering  Division  research  staff,  it, 
reluctantly,  decided  that  the  best  the  Association  could  do  to  offset  this  loss  until  finan- 
cial assistance  was  again  forthcoming,  was  to  present  in  the  Bulletin,  beginning  in  Janu- 
ary 1961,  only,  for  the  most  part,  edited  and  condensed  drafts  of  these  reports,  with 
any  conclusions  and  recommendations. 

And  necessarily  going  still  further  in  its  economy  efforts — again  looking  to  1961  in 
the  light  of  a  probable  deficit  budget  in  that  year — the  Board,  late  in  1960,  called  upon 
the  secretary's  office  to  reduce  its  staff  from  a  total  of  7  to  6,  by  releasing  one  of  two 
stenographers,   effective  with   the  close  of   the   1961   convention. 

Throughout  all  this  behind-the-scenes  activity  in  the  interest  of  economy,  the  work 
of  committees  moved  steadily  forward,  the  Association  continued,  and  even  enlarged,  its 
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contacts  with  students  in  the  engineering  colleges  of  the  United  States  and  Canada. 
Furthermore,  it  expanded  the  scope  of  its  work  by  re-establishing  its  Committee  18 — 
Electricity,  to  carry  forward  in  the  future  the  fixed-property  aspects  of  the  work  of  the 
Electrical  Section  of  the  Engineering  and  Mechanical  Divisions,  AAR,  which  section  was 
discontinued  at  the  end  of  the  year.  Already,  by  the  end  of  the  year,  the  organization 
of  Committee  18  was  well  advanced,  looking  to  taking  its  place  among  the  long-estab- 
lished committees  of  the  Association  at  the  time  of  the  1961  convention. 

Along  with  the  discontinuance  of  the  Electrical  Section,  reorganization  within  the 
Operations  and  Maintenance  Department  of  the  AAR  brought  about  the  transfer  of  tin- 
Signal  Section  from  the  Engineering  Division  to  the  Operating-Transportation  Division. 
to  become  combined  with  the  Communications  Section.  This  left  the  AREA,  in  its 
capacity  as  the  Construction  and  Maintenance  Section,  alone  in  the  Engineering  Division. 
Accordingly,  upon  a  recommendation  of  the  Board  of  Direction,  the  AAR  abolished  the 
Construction  and  Maintenance  Section  as  such,  and  gave  the  AREA  the  status  of  its 
Engineering  Division. 

So,  as  indicated,  1960  was  not  the  year  of  smooth  sailing  for  the  AREA  anticipated 
at  the  outset,  but  that  the  Association  maintained  its  vigor,  progressed  its  work,  and 
actually  moved  ahead  in  a  number  of  respects,  will  be  evident  from  the  following  com- 
ments concerning  its  1960  convention,  its  membership,  its  committee  operations,  and  its 
financial  condition. 

The   1960  Convention 

Impetus  to  the  successful  activities  of  the  Association  during  the  year  was,  unques- 
tionably, given  by  the  highly  successful,  if  not  too  well  attended  annual  convention  of 
the  Association,  March  14-16,  at  the  Sherman  Hotel,  Chicago,  which  had  a  registration 
of  1093  railroad  men  and  654  non-railroad  men — a  total  of  1747,  not  including  the 
registration  of  175  women.  This  was  the  smallest  convention  registration  since  1951, 
and  compares  with  a  previous  top  registration  of  2092  in  the  nonexhibit  year  1956,  and 
a  top  registration  of  2378  in  the  exhibit  year  1955.  However,  it  compares  not  too  unfa- 
vorably with  the  total  registration  of  1772  in  1959. 

Offsetting  its  smaller  registration,  the  1960  convention  was,  in  many  respect-,  the 
Longest  and  most  intensive  in  many  years,  the  session  beginning  earlier  and  adjourning 
later  than  in  any  previous  year  to  accommodate  the  extensive  program  of  committer 
reports  and  special  features.  In  all.  the  program  included  reports  on  118  of  the  197 
assignments  of  committees,  and  24  special  features  in  the  form  of  addresses,  illustrated 
papers,  panel  discussions  and  motion  picture  and  slide  presentations.  The  Annual  \-  " 
ciation  Luncheon,  held  in  the  Grand  Ballroom  of  the  Sherman,  was  its  usual  success, 
with  1010  in  attendance. 

MEMBERSHIP 

Surprisingly,  and   fortunately,  the  membership  of  the  Association   not    onlj    held   it- 
own  during  the  year,  hut  actually  increased,  thus  continuing  the  uninterrupted  growth 
in   membership  each   year   since    1044.   with    the   single   exception   of    1958,   which    -aw   a 
net  loss  of  52  members.  This  increase  took  place  despite  the  loss  of  10  Junior  Members 
over  the  previous  year,  and  was  accounted  for  almost  entirely  by  two  important  : 
— fewer  deaths,  resignation-  and   members  dropped,  and  the  joining,  late  in   the 
of  34  men  from  the  Electrical  Departments  of  the  railroad-  and  related  industries,  as  i he- 
result  of  the  decision  of  the  Board  of  Direction  to  re-establish  the    VssodatJ 
mittee  18 — Electricity. 
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That  the  Association  had  such  a  membership  record  as  of  the  end  of  the  1960  mem- 
bership year  is  indeed  significant  in  the  light  of  the  relatively  poor  economic  conditions 
which  prevailed  in  the  railroad  industry  during  the  year,  the  continued  tightening  up 
within  railroad  organizations,  the  restricted  recruitment  of  additional  technically  trained 
college  graduates,  and  several  major  railroad  consolidations. 

As  of  February  1,  1961,  the  membership  of  the  Association  stood  at  3407,  a  net 
gain  of  34  over  the  membership  of  3373  one  year  earlier.  This  was  brought  about  by 
the  enrollment  of  198  new  members  (compared  with  229  in  1959),  the  reinstatement 
of  26  former  members,  and  a  decrease  of  10  Junior  Members,  which  was  offset  by  deaths, 
resignations  and  the  dropping  of  members  totalling  180. 

Those  who  joined  the  Association  in  1960  did  so  entirely  on  their  own  initiative, 
without  any  promotion  on  the  part  of  the  Association,  because,  in  the  light  of  economic 
conditions  in  the  industry,  it  appeared  inadvisable  to  attempt  to  recruit  members  by  any 
means  other  than  that  constantly  employed  to  retain  members — making  the  Association 
of  the  greatest  possible  interest  and  value  to  them. 

Unquestionably,  this  means  of  holding  and  enlarging  the  membership  of  the  Associa- 
tion will  continue  to  be  the  most  effective  in  the  future,  as  in  the  past,  but,  at  the  same 
time,  it  would  seem  essential  that  those  directing  the  policies  of  the  Association  adopt 
and  encourage  any  and  all  appropriate  measures  to  maintain  or  enlarge  the  membership 
of  the  Association  in  order  to  make  its  benefits  available  to  the  greatest  number  and, 
in  turn,  to  the  railroad  industry.  To  do  otherwise  under  foreseeable  conditions  ahead 
could  see  the  prestige  and  value  of  the  Association  deteriorate  by  default. 

During  the  year  ended  February  1,  1961,  there  were  a  total  of  48  deaths  among 
the  membership,  as  is  indicated  in  the  roster  of  deceased  members  at  the  end  of  this 
report.  This  long  list  includes  1  past  director,  who  had  also  been  a  committee  chairman 
and  chairman  of  the  Association's  General  Committee  on  Convention  Arrangements, 
5  other  past  committee  chairmen,  and  many  others  who  contributed  materially  to  the 
work  of  the  Association. 

The  Past  Director,  (1940-1943)  was  G.  P.  Palmer,  retired  regional  engineer,  con- 
struction and  maintenance,  Baltimore  and  Ohio  Chicago  Terminal  Railroad,  who  died 
July  16,  1960.  He  had  also  been  chairman  of  Committee  25- — Waterways  and  Harbors, 
1938-1942,  and  a  member  of  the  Convention  Arrangements  Committee  1925-1955,  serv- 
ing as  its  chairman  in  1942,  1945  and  1948.  He  was  elected  an  honorary  member  of  this 
committee  in  1955. 

The  other  five  committee  chairmen  were  F.  J.  Bishop,  consulting  engineer,  Akron, 
Canton  and  Youngstown,  chairman,  Committee  5 — Track,  1950-1952,  who  died  on  March 
7,  1960;  B.  W.  DeGeer,  retired  engineer  water  service  and  fuel  facilities,  Great  Northern, 
chairman,  Committee  13 — Water,  Oil  and  Sanitation  Services,  1939-1945,  who  died  on 
March  8,  I960;  A.  L.  Kuehn,  retired  president,  American  Creosoting  Company,  chair- 
man, Committee  17 — Wood  Preservation,  1909,  who  died  on  May  22,  1960;  A.  L.  Sparks, 
retired  architect,  Missouri-Kansas-Texas,  chairman,  Committee  6— Buildings,  1931-1933; 
and  J.  J.  Yates,  retired  bridge  engineer,  Central  Railroad  of  New  Jersey,  chairman, 
Committee  8— Masonry,   1920-1923,  who  died  on  March  6,  1060. 

Among  the  others  who  died  during  the  year  was  C.  H.  Buford,  retired  president, 
Chicago,  Milwaukee,  St.  Paul  and  Pacific,  who  was  formerly  vice  president,  Operations 
and  Maintenance  Department,  AAR,  1939-1946,  and  B.  W.  Guppy,  retired  engineer  of 
structures,  Boston  &  Maine  and  Maine  Central,  who  had  joined  the  Association  in  1903. 
Mr,  Buford  died  on  August  17  and  Mr.  Guppy  died  on  July  10. 
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Membership 
(February   1,   1960,  to  February   1,   1961) 

Members  on  the  rolls  February  1,  I960  

New  Members   

Reinstatements     

Loss  in  Junior  Membership  jq 

3587 

Deceased    i  s 

Resigned    4,s 

Dropped    

180 
Net  gain   ^ 

Membership  February   1,   1961    U07 


Membership  Classification  as  of  February  1 

1955  1956  1957  1958  1959 

Life     436  465  470  469  482 

Member    2381  2414  2478  2524  2491 

Associate    274  261  258  268  251 

Junior     187  163  144  101  86 


I960 

1961 

4S1 

474 

2527 

2554 

264 

:ss 

101 

01 

Totals     3278         3303         3350         3362         3310         3373         3407 

Student  Affiliates 

Not  included  in  the  foregoing  membership  figures  as  of  February  1,  1961,  are  42 
Student  Affiliates  which  the  Association  enrolled  late  in  the  year  following  the  creation 
of  this  status  of  affiliation  by  the  Board  in  August  upon  the  recommendation  of  Com- 
mittee 24 — Cooperative  Relations  with  Universities,  and  announcement  of  it  on  the 
campuses  of  a  limited  number  of  colleges  in  September. 

Looking  to  the  greatest  benefit  to  the  railroad  industry  as  a  whole  in  its  need  for 
qualified  college  graduates,  the  new  student  affiliation  is  being  offered  not  alone  to  stu 
dents  enrolled  in  accredited  engineering  schools,  but  also  to  students  enrolled  in  courses 
in  any  of  the  physical  and  social  sciences,  such  as  transportation,  industrial  management, 
business  administration,  and  economics,  in  any  college  or  universit)  ol  recognized 
standing. 

Interested  students  are  required  to  make  applications  for  this  affiliation  en  a   pre 
scribed  form,  which  calls  for  the  endorsement  of  at  least  one  professor,  and  arc  charged 
dues  of  $2.00  a  year.  As  Student  Affiliates,  they  arc  issued  an  "AREA  Student    Affiliate" 
card  and  will  receive  the  six  technical  Bulletins  of  the  Association  and  the  two  conven 
lion  issues  of  the  AREA  News  each  year.  In  addition,  they  are  being  sent  the  12  regular 
issues  of  the  trade  publication  Railway  Track  and  Structures. 

Important  as  are  the  benefits  of  this  -Indent  Association  retain  ndiip,  both  to  the 
students  involved  and  the  Association,  an  important  corollary  benefit,  which  ma\  well 
equal  or  exceed  that  of  the  primary  purpose  of  the  effort.  i-  the  Iriendl)  and  interested 
contacts  which  have  been  established  with  the  dean-  and  professors  on  the  different 
campuses,  practically  all  of  whom  have  expressed  appreciation  of  the  interest  oi  th<  \ 
ciation  in  their  students  and  have  offered  their  cooperation  in  bringing  this  new  Asso- 
ciation relationship  to  their  attention. 
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ACTIVITIES  OF   COMMITTEES 

Personnel  of  Committees 

Reflecting,  unmistakably,  the  continued  interest  of  members  in  serving  on  commit- 
tees, and  of  their  railroads  in  being  represented  on  committees,  is  the  record  of  com- 
mittee memberships  during  1960,  and  even  more  definitely  in  the  still  larger  number  of 
members  who  have  been  assigned  to  committees  for  1961. 

Specifically,  as  of  February  1,  1960,  1128  (including  59  Members  Emeritus)  were 
serving  in  1247  places  on  the  Association's  23  standing  and  special  committees,  which 
compares  with  1125  members  who  occupied  1246  places  on  the  same  committees  as  of 
February  1,  1959.  As  of  February  1,  1961,  the  number  of  members  assigned  to  commit- 
tees totaled  1160  (including  61  Members  Emeritus),  these  members  occupying  1251 
places  on  22  committees.  This  increased  number  of  members  on  committees  for  1961 
reflects  the  consolidation  of  Committee  3 — Ties,  and  Committee  17 — Wood  Preservation, 
and  the  abandonment  of  Committee  29 — Waterproofing,  with  the  absorption  of  most 
of  its  members  by  Committee  8 — Masonry,  and  Committee  15 — Iron  and  Steel  Struc- 
tures. At  the  same  time  it  reflects  prominently  the  recreation  of  Committee  18 — Elec- 
tricity, with  a  total  of  38  members,  most  of  whom  were  not  previously  affiliated  with 
AREA  committees. 

In  addition  to  their  regular  members  during  1960,  practically  all  committees  carried 
a  number  of  "guest"  members  on  their  rosters — members  assigned  during  the  year  on  a 
guest  basis,  awaiting  regular  assignment  with  the  official  roster  change  to  become  effec- 
tive with  the  close  of  the  1961  convention.  Also,  many  committee  meetings  were  at- 
tended by  "visitors",  with  the  permission  of  the  chairmen.  These  visitors  included  re- 
tired members,  interested  outsiders,  and  members  of  the  Association  generally,  who,  for 
one  reason  or  another,  wished  to  participate  in  specific  meetings  or  in  inspection  trips 
made  in  connection  therewith. 

Official  AAR   Representatives   on   Committees 

While  the  large  number  of  members  participating  in  committee  work- — under  the 
Association  rule  permitting  as  many  as  70  on  committees — is  frowned  upon  in  some 
quarters,  including  the  AAR,  the  Board  of  Direction  of  the  Association  is  not  disposed 
to  restrict  this  committee  work  participation,  preferring  to  allow  members  generally  to 
become  affiliated  with  committees  to  the  extent  they  desire  and  show  a  continued  interest 
in  the  work  of  the  committees  to  which  they  have  been  assigned.  This  is  for  the  fol- 
lowing reasons: 

(1)  Because  of  the  great  educational  value  of  committee  work  to  those  who  par- 
ticipate in  it,  and  to  their  respective  railroads. 

(2)  Because  many  railroads  want  to  have  their  men  on  committees  and  are  in  a 
position  to  defray  the  expense  in  connection  therewith. 

(3)  To  provide  wide  territorial  representation  in  the  consideration  of  assignments. 

(4)  The  number  of  assignments  of  various  committees  normally  calls  for  a  sizable 
personnel  to  divide  up  the  work  and  progress  it  satisfactorily. 

(5)  The  serious  adverse  effect  on  the  AREA  as  an  Association,  and  on  its  benefits 
to  the  railroads,  if  any  sizable  number  of  present  railroad  men  on  committees  were  to 
be  cut  off  arbitrarily,  and,  as  a  result,  lose  interest  in  the  Association  and  discontinue 
their  memberships. 

However,  in  a  sincere  effort  to  meet  the  desire  of  the  Association  of  American  Rail- 
roads for  relatively  small  AAR  committees,  while  at  the  same  time  permit  AREA  mem- 
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bers  generally  to  participate  in  committee  work,  the  Board  of  Direction,  at  ;i  meeting 
on  October  24,  approved  a  new  organizational  plan  for  committees  which  accomplishes 
both  ends.  This  plan  provides  that  the  chairmen  of  committees,  the  vice  chairmen,  the 
secretaries,  and  all  subcommittee  chairmen,  alone  be  considered  official  Engineering  Divi 
sion  representatives  on  AREA  committees,  whereas  the  entire  personnel  of  committees 
constitute  the  AREA  committees  as  a  whole.  This  plan,  which  was  approved  by  the 
AAR,  was  put  into  effect  with  the  committee  roster  changes  for  1961,  as  published  in 
the  Committee  Assignments  Pamphlet  for  that  year. 

In  order  to  set  apart  as  a  group,  for  convenience  and  record  purposes,  the  official 
Engineering  Division  representatives  on  any  committee,  the  names  of  these  representa- 
tives, showing  with  their  official  capacities  on  the  committees,  have  been  grouped  at  the 
top  of  the  list  of  personnel  of  the  committee  as  a  whole  and  have  been  set  in  bold-face 
type.  The  names  of  the  remaining  members  of  the  committee  follow  in  alphabetical 
order,  set  in  light-face  type  as  in  the  past.  This  same  arrangement  will  apply  to  the  per- 
sonnel of  committees  as  to  be  listed  at  the  beginning  of  reports  to  be  presented  in  the 
Bulletin. 

Committee  organization  otherwise  will  remain  the  same,  and  committee  procedure 
and  action  will  continue  as  in  the  past  with  respect  to  the  development  of  reports  and 
Manual  material,  and  to  action  on  Manual  material. 

Work  of  Committees 

The  work  of  committees  during  1960  again  followed  much  the  same  pattern  as  in 
previous  years,  their  different  subcommittees  carrying  out  their  own  studies  and  inves- 
tigations independently,  or  with  the  cooperation  of  the  research  staff  of  the  Association 
of  American  Railroads,  to  the  end  of  preparing  progress  or  final  reports  for  information ; 
of  revising  material  appearing  in  the  Association's  Manual  of  Recommended  Practice 
and  Portfolio  of  Trackwork  Plans  to  improve  or  bring  it  up  to  date ;  of  developing  new 
Manual  and  Portfolio  material;  and  of  carrying  out  special  projects  related  to  their 
assignments.  That  the  work  accomplished  by  committees  was  again  substantial  is  seen 
in  the  fact  that  they  produced  one  or  more  reports  on  128  of  their  191  assignments  (not 
including  Assignments  A),  19  of  which  were  final  reports.  Furthermore,  following  the 
practice  established  by  the  Board  in  1958,  all  committees  presented  brief  progress  or 
status  statements  with  respect  to  assignments  on  which  they  made  no  formal  report. 
Special  interest  on  the  part  of  committees  in  bringing  their  Manual  material  up  to  date, 
looking  to  the  reprinting  of  the  Manual  in  1962  to  replenish  the  supply  on  hand  for 
sale,  is  reflected  in  the  fact  that  19  of  the  Association's  20  committees  which  have  chap 
ters  in  the  Manual  included  Manual  recommendations  in  their  report-  foi  tin  jrear,  to  !»' 
acted  upon  at    the   1961   convention. 

Classification  of   Material  Produced  by  Committees 

Again,  the  work  of  committees  during  the  year  was  so  diversified  and  extensive 
that  it  is  impossible  to  do  other  than  refer  to  it  in  general  term^  in  a  report  of  this 
character.  But  that  this  work  was  both  extensive  and  diversified  is  seen  in  the  following 
general  categorical  classification  of  the  work  accomplished,  a-  published  in  the  Bulletins 
of  the  Association,  and  to  In-  presented  to  the  1961  convention: 

Recommendations  pertaining  to  the  development,  revision,  deletion  or  reapproval 
without  change,  of  180  specifications  anil  recommended  practices  for  inclusion  in  the 
Manual;  76  reports  mi  current  developments  in  engineering  practice  and  design;  n 
reports  dealing  with  economy  in  the  use  oi  labor  and  the  recruiting  and  training  "'  en 
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ployees;  4  reports  on  new  and  improved  power  tools,  machines,  materials  and  equip- 
ment; 3  reports  involving  statistics;  7  economic  and  analytical  studies;  3  reports  on 
relations  with  public  authorities;  and  2  bibliographies. 

The  work  of  committees  affecting  the  Manual  included  the  presentation  of  8  specifi- 
cations for  adoption;  the  rewriting  or  revision  of  51  specifications  (with  or  without 
reapproval)  ;  the  reapproval  of  16  specifications  without  change;  the  deletion  of  7 
specifications;  the  presentation  of  2  tentative  specifications;  the  presentation  of  7  rec- 
ommended practices  for  adoption;  the  revision  of  26  recommended  practices,  with  or 
without  reapproval;  the  reapproval  of  28  recommended  practices  without  change;  the 
deletion  of  1  recommended  practice;  the  presentation  of  1  tentative  recommended  prac- 
tice; the  rewriting  or  revision  of  8  Agreement  forms;  the  reapproval  of  14  Agreement 
forms  without  change;  the  deletion  of  1  Agreement  form;  and  the  presentation  of  1 
tentative  Agreement  form.  In  addtion,  the  reports  of  committees  presented:  instructions 
with  regard  to  4  machines  for  inclusion  in  the  Handbook  of  Instructions  for  Care  and 
Operation  of  Maintenance  of  Way  Equipment;  3  plans  for  drive  spikes  and  1  plan  for 
a  drive  spike  socket  wrench;  and  1  addition  to  the  Glossary. 

Constant  Check  on  Subject  Assignments 

Concurrent  with  their  work  on  current  assignments,  all  committees  gave  considera- 
tion throughout  the  year  to  recommendations  for  new  assignments  for  1961,  and  to  the 
discontinuance  of  assignments  of  lesser  importance  or  on  which  work  would  be  com- 
pleted. This  consideration  was  again  headed  up  within  the  different  committees  under 
their  Assignment  A. — Recommendations  for  further  study  and  research;  by  subcom- 
mittees, the  personnel  of  which  included,  in  most  instances,  the  vice  chairman  and  all 
of  the  subcommittee  chairmen  of  the  committee.  The  result,  in  all  committees,  was 
again  the  development  of  far  more  suggestions  for  new  subjects  than  could  possibly  be 
undertaken,  especially  in  view  of  their  plan  to  continue  to  concentrate  in  1961  on  the 
review  of  their  Manual  material,  looking  to  bringing  it  up  to  date  in  advance  of  the 
reprinting  of  the  Manual  in  1962.  With  this  latter  work  in  mind,  some  committees  took 
on  no  new  assignments  for  1961,  and  the  total  number  of  new  assignments  given  to 
committees  was  only  16,  not  including  the  7  new  assignments  given  to  recreated  Com- 
mittee 18 — Electricity.  This  compares  with  19  new  assignments  given  to  committees 
under  the  same  circumstances  for  1960,  and  with  the  36  new  assignments  taken  on  by 
committees  for  1959,  when  there  was  less  concentration  on  Manual  review  and  revision 
work. 

Along  with  their  heavy  schedule  of  Manual  review  and  revision  during  1961,  and 
work  on  their  new  assignments,  the  Association's  committees  as  a  whole  will  continue 
work  on  151  carry-over  assignments,  not  including  their  Assignment  A. 

Committee  Meetings 

In  carrying  on  their  work  during  1960,  the  23  technical  committees  of  the  Associa- 
tion held  a  few  less  meetings  than  in  1959.  Furthermore,  the  large  majority  of  these 
meetings  continued  to  be  held  in  Chicago,  at  points  central  to  the  larger  number  of 
committee  members,  or  at  places  dictated  by  the  desire  of  committees  to  see  at  these 
points  facilities,  structures,  or  practices  directly  related  to  their  work. 

Specifically,  70  full  committee  meetings  were  held  during  the  year  ended  March  1, 
1961.  This  compares  with  73  meetings  held  during  the  year  ended  March  1,  1960,  66 
meetings  held  during  the  year  ended  March  1,  1959,  and  73  meetings  during  the  year 
ended  March  1,  1958.  Of  the  70  meetings  held  during  the  1960  Association  year,  47  were 
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held  in  Chicago   (including  13  meetings  held  during  the  I960  convention);    I  « •  - 1 *  1 1   were 

held  in  Washington,  D.  C,  and  Cincinnati,  Ohio;  2  each  were  held  in  Cleveland,  Ohio, 
Montreal,  Que.,  Pittsburgh,  Pa.,  and  Rocky  Mount,  N.  C;  and  9  were  held  in  as  many 
other  cities. 

Dictated  by  the  scope  of  their  work  and  other  circumstances,  6  committees  each 
held  4  meetings;  12  committees  each  held  3  meetings;  and  5  committees  each  held  only 
2  meetings.  Combined  with  their  meetings,  the  committees  as  a  whole  made  I  s  inspection 
trips. 

ASSOCIATION  PUBLICATIONS 

Again  in  1961  the  Association  made  widespread  distribution  of  its  publications 
beyond  its  own  membership,  and  again  it  adopted  several  new  practices  affecting  certain 
of  its  publications.  For  example,  late  in  the  year,  the  Board  adopted  a  new  policy  with 
respect  to  the  publication  in  the  Bulletin  of  engineering  research  reports  prepared  bj  the 
AAR  research  staff  in  behalf  of  committees,  and  took  action  which  will  see  the  annual 
bound  volume  of   the  Proceedings  discontinued  in  the  future. 

Among  the  special  publication  efforts  of  the  Association  in  1960,  some  5000  copies 
of  the  Association's  Engineer  Recruiting  Brochure  were  sent  to  the  engineering  colleges 
of  the  United  States  and  Canada  by  the  AREA  and  the  School  and  College  Servii  e 
of  the  Association  of  American  Railroads;  these  same  colleges  were  sent  a  lone,  li-t 
of  railroad  technical  problems,  developed  by  Committee  24 — Cooperative  Relations  with 
Universities,  as  an  aid  to  students  seeking  problems  for  Masters  and  Doctoral  research  ; 
and  a  list  of  the  personnel  of  a  number  of  AAR  committees  or  joint  committees  in 
which  the  AREA  is  represented  was  added  to  the  Association's  Committee  Assignments 
Pamphlet  for  the  convenience  of  all  concerned. 

During  the  year,  to  offset  increased,  publication  costs,  there  was  put  into  effect  a 
genera]  increase  in  the  prices  of  most  AREA  publications  to  non-members,  and  in  the 
price  of  the  Manual  of  Recommended  Practice  and  the  Portfolio  of  Trackwork  Plans 
to  all  purchasers.  Also,  beginning  with  the  I960  Supplement  to  the  Manual,  a  Bat  fee 
of  $1.00  was  charged  to  all  member-holders  of  the  Manual  for  the  Supplement— as  a 
means  of  offsetting  the  sizable  cost  to  the  Association  in  rendering  this  special  service 
to  that  segment  of  the  membership  involved. 

Allied  to  its  publication  efforts,  the  Association  in  1960  also,  with  the  cooperation 
of  Committee  24,  reviewed  all  of  the  multiple  sets  of  color  slides  of  railway  construction 
and  maintenance  operations  and  practices  which  it  developed  several  years  ago  for  loan 
to  colleges,  and  brought  them  up  to  date,  especially  from  the  standpoint  of  mechanized 
maintenance  operations  and  the  welding  of  continuous  welded  rail. 

The  new  policy  adopted  regarding  the  publishing  of  engineering  research  reports  in 
the  Bulletin,  and  the  reason  therefor,  are  set  forth  in  this  report  under  the  comments 
on  ''Research  Work".  This  new  policy,  which  became  necessary  on  the  part  ot  th( 
ciation  because  of  its  inability  to  continue  to  publish  all  research  reports  in  full  without 
financial  assistance  from  the  \AR  as  in  the  past,  may  prove  of  advantage  to  those  mem- 
bers who  have  only  a  general  or  superficial  interest  in  these  reports,  by  reducing  their 
reading  time,  but  it  is  certain  to  restrict  greatly  the  widespread  distribution  of  the  detailed 
material  in  these  reports  and  be  to  the  disadvantage  of  those  with  an  interest  in  thi  mil 
text  of  the  reports  and  in  having  them  readily  available  in  convenient  bound  form  for 
filing  and  reference  purposes.  Furthermore,  the  alternate  procedure  adopted  bj  the  \  \K 
for  limited  distribution  of  its  engineering  research  reports  in  full  may  well  fail  to  produce 
any  where  near  the  economy  contemplated  over  the  modest  expenditure  involved  in  the 
wide  distribution  of  these  reports,  in  full,  in  the   VRE  \  Bulletins  as  in  the  | 
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The  decision  to  discontinue  the  annual  bound  volume  of  the  Proceedings  was  also 
borne  of  a  retrenchment  effort,  but  this  will  fully  accomplish  the  economy  desired,  with 
no  loss  to  the  membership  in  published  material,  and  with  the  minimum  of  inconvenience 
to   members. 

In  the  future,  each  of  the  five  technical  Bulletins  each  year,  beginning  with  the 
September-October  issue,  and  ending  with  the  February  issue,  will  be  punched  for  bind- 
ing, as  will  also  the  June-July  issue,  which  will  contain  the  proceedings  of  the  annual 
meeting  in  those  years  in  which  such  meetings  are  held,  or  action  on  letter  ballots  of 
the  membership  in  any  years  in  which  annual  meetings  may  not  be  held. 

For  binding  purposes,  the  Association  will  offer  members,  without  charge,  a  two- 
post,  hard-cover  binder,  similar  in  every  respect — even  to  color  and  stamping — to  the 
book  casing  on  past  volumes  of  the  proceedings.  Thus,  without  the  duplication  of  mate- 
rial in  the  Bulletins  and  Proceedings,  as  in  the  past,  members  can  maintain  in  neat 
bound  form  all  of  the  Bulletins  of  the  Association,  including  the  complete  reports  of 
annual  meetings. 

To  receive  the  binders  annually,  members  will  be  required  to  indicate  their  intention 
of  binding  their  Bulletins  and  to  make  an  initial  request  for  the  binders  on  a  prescribed 
form,  but  having  done  this  once,  they  will  be  furnished  a  binder  automatically  each  year. 

RESEARCH  WORK 

In  1960,  due  to  continued  depressed  earnings  of  the  railroad  industry,  the  extent  of 
research  activities  of  the  Association,  sponsored  by  its  committees  and  carried  out  by 
or  through  the  Engineering  Division  research  staff  of  the  AAR,  was  again  greatly  cur- 
tailed, total  expenditures  for  these  activities  amounting  to  only  $350,300,  or  about  the 
same  amount  ($350,800)  expended  for  progressing  research  projects  sponsored  by  com- 
mittees in  1959.  This  authorized  total  expenditure  was  far  less  than  the  $749,700  budget 
proposed  by  these  committees,  and  also  the  necessarily  reduced  budget  of  $560,750  ap- 
proved by  the  AREA  Board  of  Direction  and  recommended  to  the  vice  president,  re- 
search, AAR.  Again  the  reduced  authorized  budget  reflected  several  basic  considerations: 
the  removal  of  projects  entirely  which  were  at  the  bottom  of  a  priority  list  established 
jointly  by  the  AREA  Board,  the  director  of  engineering  research,  and  the  vice  president, 
Research  Department;  a  cut  in  the  amount  requested  for  the  remaining  projects  wherever 
possible,  while  still  being  able  to  make  some  headway  during  the  year;  and  an  effort  to 
retain  the  more  experienced  members  of  the  Engineering  Division  research  staff  by  favor- 
ing AAR-conducted  projects  at  the  expense  of  participation  in  Research  Councils  and 
contract  research  to  be  carried  out  by  outside  agencies  and  institutions. 

For  1961,  as  the  result  of  a  severe  retrenchment  program  instituted  by  the  AAR 
for  that  year,  a  total  of  only  $222,000  was  authorized  for  Engineering  Division  research, 
and  of  this  amount  only  $204,000  will  be  expended  for  projects  sponsored  by  AREA 
committees — the  difference — $18,000 — being  earmarked  for  general  technical  services. 
This  $204,000  authorization  in  support  of  committee-sponsored  research  and  technical 
assistance  compares  with  committee  proposed  expenditures  for  1961  in  the  amount  of 
$565,050,  and  with  the  necessarily  reduced  proposed  budget  of  $551,250  approved  by 
the  AREA  Board  of  Direction  and  recommended  to  the  vice  president,  research,  AAR. 
A  summary  of  the  projects  included  in  the  authorized  budget  for  1961,  showing  the 
expenditures  authorized  for  the  different  projects,  compared  with  amounts  expended  for 
projects  in  1960,  is  presented  herewith. 

To  bring  about  the  drastically  reduced  1961  budget  called  for  reductions  in  the  Engi- 
neering Division  research  staff  and  the  elimination  from  the  proposed  budget  of  many 


Report  of  Executive  Secretary 987 


projects  recommended  by  committees  and  all  items  calling  for  participation  in  the  work 
of  Research  Councils.  It  also,  for  the  first  time  in  10  years,  eliminated  the  usual  ap- 
propriation in  the  amount  of  $5,000  to  $7,000  to  help  defray  the  cost  of  publishing 
Engineering  Division  research  reports  in  the  AREA  Bulletins.  Unable  to  assume  this 
added  expense,  the  Association,  by  Board  action,  will  present  only  edited  and  condensed 
versions  of  these  reports  for  the  most  part,  along  with  any  conclusions  and  recommen- 
dations, in  the  Bulletins  during  1961 — this  practice  having  been  put  into  effect  with  the 
January  Bulletin. 

Offsetting  to  some  extent  the  disadvantage  of  this  new  arrangement  to  those  who 
desire  the  full  text  of  research  reports,  the  AAR  Research  Department  plans  to  produce 
the  complete  reports  in  typewritten,  multilith  form,  and  to  send  single  copies  to  the 
chief  engineering  and  maintenance  officers  of  AAR  Member  Roads  and  to  the  members 
of  sponsoring  AREA  committees.  Also,  additional  copies  of  the  reports  will  be  available 
upon   request  from  the  AAR  Research  Center. 

Total  Allotments  for  Research  Projects,  Engineering  Division,  AAR, 

1943-1961 

1943  $98,445      1953  364,100 

1944  109,050  1954  351,307 

1945  138,110  1955  351,653 

1946  159,510  1956  365,050 

1947  234,428  1957  476,845 

1948  291,840  1958  563,709 

1949  372,457  1959  353,800 

1950  294,015  1960  350,300 

1951  354,770  1961  222,000 

1952  381,400 

Summary  ok  Projects  Included  in  1961  Approved  Engineering  Division  Research 

Budget,  Showing  Expenditures  Authorized  for  Projects,  Compared 

with  Amounts   Expended  for  Projects   in    1960 

1961 
1960  Approved 

Administration                                                                                               Expenditure       Budget 
Research   Office    $  51,300        $  35,000 


Total     $  51,300        $  35,000 

Committee  1 — Roadway  and  Ballast 

*Roadbed  Stabilization— General     $  19.300        $  15,000 

— Isotope  Studies    

— Slip  Plane  Location  with  Plastic  Tubes 

Vegetation  Control  by  Chemicals  1 2,800  

♦♦Vegetation   Control  by  Ultrasonic   Vibration    3,000 

Performance  of   Filter  Materials   in    Subdrains    3,000  


Total     S  35,100  S   1S.000 

Committee  3 — Ties  and  Wood  Preservation 

Anti-Splitting  Devices  tor  Ties   $     7,000  

Use  of  Nuclear  Energy  to  Seal  and  Harden  Tie  Surface   1,000  

♦♦Development  of  Prestressed  Concrete  Ties  and  Fastenings 5,000 

♦New  Methods  of  Preventing  Termite  Attack    1.000  400 


Total     $     9,000        $     5.400 


1  Indicates  change  in   name  of  project  in    1961. 
**  New  project  in  1961. 
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1961 

1960  Approved 

Expenditure  Budget 

Committee  4 — Rail 

♦Investigation  of  Failures  in  Control  Cooled  Rail   $     6,350  s     3,000 

Rail  Failure  Statistics    7,200  5,000 

Welding  Battered  Rail  Ends   10,000  

Service  Tests  of  Joint  Bars   4,300  

*New  Methods  of  Insulating  Rail  Joints   11,000  6,000 

♦Study  of  New  Metallurgies  and  Heat  Treaments  for  Prevent- 
ing Shelly  Spots  and  Head  Checks  12,650  15,500 

Standardization  of  Rail  Sections  4,300  


Total    $    3,000 


Total    S  10,000 


Total     $  55,800         $  29,500 

Committee  5 — Track 

Corrosion    Protection    of    Track    and    Structures    from    Brine 

Drippings  (See  also  Com.  15— Iron  and  Steel  Structures)    ..   $  11,400 

Prestressed  Concrete  Crossing  Frog  Support  6,900  2,000 

Explosive  Hardening  of  Manganese  Frogs  2,800  1,000 

Laying  Rail  Tight  with  Frozen  Joihts 3,500  

♦Investigation  of  Welding   Procedures  for  Heat  Treated  Frogs 

and  Switches    4,500  2 .000 

Specification   Development   for   Tie   Plate   Fastenings   and   Tie 

Pads    $  15,300        $  10,000 

♦♦Design  of  Spirals    4,000 


Total     $  44,400         $  19,000 

Committee  6 — Buildings 

Wind  Load  on  Buildings   $     3,000  


Committee  7 — Wood  Bridges  and  Trestles 

Fire  Retardant  Treatment-Standards  and  Development   $     8,000  

Laminated   Girders-Design   Development    5,200  

♦New  Uses  of  Synthetic  Resins  and  Adhesives.   (See  also  Com. 
16 — Economics  of   Railway   Location  and  Operation;    Com. 

29— Waterproofing    5,500  10.000 

♦Static  and  Fatigue  Strength  of  Timber  Structures 6,200  6,600 

♦♦Non-Destructive  Testing  for  Defects  in  Timbers  by  Ultrasonic 

or  Nuclear  Means  2,000 


Total     $  24,900         $  18,600 

Co  m  mil  I  re  8 — Masonry 

Concrete  Deterioration— Means  of  Prevention    $     6,000  

♦Specification    Development   of    Elastomeric    Bearing    Pads    for 

Bridges     3,000  2,000 

Total    $     9,000        $     2,000 

Committee  9 — Highways 

Grade  Crossing  Study    $  10,000  


*  Indicates  change  in  name  of  project  in  1961. 
**  New  project  in  1961. 
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1961 
I960  Approved 

Expenditure      Budget 
Com  mitt  re  13 — Water,  Oil  and  Sanitation  Services 

Develop  Watering  Hydrant  to  Meet  U.  S.  Public  Health  Serv- 
ice Requirements  $    2,000        $     1 ,000 


Total     $     2,000         $     1 ,000 

Committee  IS — Iron  and  Steel  Structures 

♦Determine  Ultimate  Carrying  Capacity  of  Compression  Mem- 
bers in  a  Truss  Bridge   $  10,000        $     5,000 

Corrosion  of  Deck  Plates  (See  Com.  5 — Track)    


Total     $   10,000         $     5,000 

Committee  16 — Economics  of  Railway  Location  and  Operation 
*Xevv  Uses  of  Synthetic  Resins  and  Adhesives   (See  Com.   7— 

Wood  Bridges  and  Trestles   

♦♦Mathematical  Model  Studies  for  Track  Maintenance S     1,000 


Total     $     1 ,000 

Committee  29 — Waterproofing 

Bituminous  Mastics  and  Mixes  for  Waterproofing  Structures.  .   $  12,500  

♦New  Uses  of  Synthetic  Resins  and  Adhesives.   (See  Com.  7 — ■ 

Wood  Bridges  and  Trestles)    


Total    $  12,500            

Committee  30 — Impact  and  Bridge  Stresses 

♦Determine  Dynamic  Effect  in  Steel  Bridges   $  14,000        $     7,500 

♦Strain  Distribution  in  Prestressed  Concrete  Bridges 14,000  12,000 

♦Investigation  for  Maximum  Usable  Life  of  Timber  Bridges  .  .  8,000  6,000 

Fatigue  of  Prestressed  Concrete  Beams  7,000            

Electronic  Calculation  of  Bridge  Stresses   7.000            


Total     $  50,000         $  25,500 

Special  Committee  on  Continuous  Welded  Rail 

♦♦Investigation  of  Butt-Welding  of  Rails:   $    Q,000 

New  Methods 
Service  Failures 


Total    $     9,000 

Joint    Committee   on    Relation    Between    Track  anil  Equipment 

♦Limit  of  Wheel  Load  as  Related  to  Wheel  Diameter s  11,300  ) 

♦Clearance  Requirements  as  Related  to  Springing  Characteristics        8,000  I    s  22,000 

♦♦Dvnamic  Action  of   Piggj  back   Cars    ) 


Total     $  1<U00         $  22.000 

Board   Committee   mi    Re  torch 

Long-Range  Weather   Forecasting   $    2,000       $    l.ooo 


Total     %     2,000         $     1,000 

Electrical   Laboratory  and  Instrumentation    $   12,000         $   12,000 


rotal     $  12,000         %   12,000 

'  Indicates  changein  name  "i  project  in  1961. 
proje*  i  in  1^61. 
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1961 
1960        Approved 
Expenditure      Budget 
Technical  Services 
***General  Technical  Services  $ $  18,000 

Total    $  18,000 

Grand  Total   $350,300        $222,000 


Amount  absorbed  in  other  project  in  1960. 


FINANCES 

The  Association  had  a  deficit  year  in  1960,  but  it  is  gratifying  to  be  able  to  report 
that  this  deficit  was  far  below  what  was  anticipated.  Whereas  at  the  beginning  of  the 
year  it  was  expected  that  Disbursements  would  exceed  Receipts  by  some  $9000,  they 
actually  amounted  to  only  $2839.50,  thanks  to  economies  effected,  the  avoidance  of  cer- 
tain anticipated  expenditures,  and  higher  receipts  than  expected.  Thus,  in  spite  of  this 
deficit,  it  can  be  said  that  the  Association  continues  in  a  sound  financial  condition,  and, 
due  to  an  increased  inventory  in  publications,  with  total  1960  assets  lower  than  those 
of  1959  by  only  $1557.43. 

That  Disbursements  exceeded  Receipts  to  any  extent  was  due  entirely  to  the  reprint- 
ing of  the  Portfolio  of  Trackwork  Plans  to  replenish  a  depleted  supply,  and  to  the 
purchase  of  a  supply  of  Manual  binders  for  the  same  reason.  A  comparison  of  Receipts 
and  Disbursements  for  the  past  two  years  is  presented  below: 

1959  1960 

Receipts      $80,407.16         $  81,138.79 

Disbursements    80,297.48  83,978.29 


$      109.68         $—2,839.50 

Reviewing  the  financial  picture  briefly,  1960  Receipts  were  approximately  the  same 
as  for  1959,  being  only  some  $700  higher.  Sales  of  Manuals  were  about  $1800  higher  in 
1960  than  in  1959,  but,  conversely,  receipts  for  Research  Report  Refunds  were  about 
$1100  lower.  Fortunately,  all  other  Receipts  items  closely  approximated  those  of  1959, 
although  this  was  not  expected,  and  total  Receipts  were  $2100  higher  than  estimated  for 
the  year. 

These  higher  receipts  were  due  primarily  to  a  sustained  membership  in  the  Associa- 
tion, a  continued  heavy  demand  for  its  publications,  and  a  continuing  interest  on  the 
part  of  railway  supply  companies  in  the  Bulletin  of  the  Association  as  an  advertising 
medium. 

Disbursements  for  1960  were  some  $3700  higher  than  those  of  1959,  but  $4327  lower 
than  the  total  anticipated  disbursements  for  the  year.  This  lower  total  disbursement 
figure  resulted  chiefly  through  economies  effected  in  printing — spcifically,  to  the  extent 
of  some  $2150  in  Bulletins  and  Proceedings,  due  mainly  to  the  discontinuance  of  the 
necessity  of  printing  a  supply  of  the  pages  contained  in  the  last  three  issues  of  the  Bul- 
letin, to  be  included  later  in  the  bound  volume  of  the  Proceedings,  under  the  plan 
adopted  to  discontinue  the  bound  volume  of  the  Proceedings,  as  such,  and  to  publish 
the  proceedings  of  the  annual  meeting  in  the  June-July  issue  of  the  Bulletin.  Also,  a 
saving  of  $950  was  made  in  Miscellaneous  Stationery  and  Printing  as  the  result  of  fewer 
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orders  for  reprints  than  expected.  Other  items  considerably  underexpended  were  Po 
some  $800,  due  to  an  anticipated  increase  in  postal  rates  not  materializing  in  i960,  and 
a  saving  of  about  $800  in  the  cost  of  reprinting  the  Portfolio  of  Trackwork  Plans.  Thus, 
due  to  some  $2100  in  unanticipated  Receipts  and  some  $4,500  in  lower  Disbursement! 
the  anticipated  excess  of  Disbursements  over  Receipts  in  1960  was  cut  from  $0000  to 
$2839.50 — a  not  unfavorable  showing  under  the  circumstances. 

The  year  ahead  poses  new  and  especially  difficult  financial  problems  for  the  \ 
ciation  since  it  must  absorb  some  $5000  in  expenses  previously  borne  by  the  AAK  in 
supports  of  the  Association  as  its  Engineering  Division,  and  must  offset  the  withdrawal 
of  all  Research  Report  Refunds  from  the  AAR  in  1961.  Bold,  if  not  drastic,  measures 
have  been  taken  by  the  Board  of  Direction  to  meet  this  situation,  some  of  which  are 
referred  to  at  the  outset  of  this  report.  Others  may  have  to  be  taken,  not  only  to  reduce 
expenditures  but  to  augment  income,  but  this  difficult  situation  confronting  the  \ssocis 
tion  can  and  will  be  met  if  it  can  count  upon  the  continued  support  of  is  membership 
and  the  railroads. 

Comparison  of   Receipts   and  Disbursements  for  a  20-Year  Period 

Receipts        Disbursements  Net  Gain 

1041     32,433.00  29,384.00  3,049.00 

1942         31,500.00  26,692.00  4,808.00 

1943         28,736.00  23,809.00  4,927.00 

1944    30,492.00  26,534.00  3,058.00 

1945                             32,305.00  29,305.00  3,000.00 

1946    28,836.00  34.583.00  5,747.00* 

1947                         46,993.00  46,989.00  4.00 

1948     57,741.00  53,062.00  4,679.00 

1949 62,081.00  57,075.00  5,005.00 

1950    59,752.00  51,795.00  7,957.00 

1951     69,045.00  62,369.00  6,676.00 

1952                                               77,514.00  76,964.00  S  ^0.00 

1953     73,033.07  82,067.86  9.034.70* 

IQ54                                                 85,748.99  68,003.03  1 7,745.96* 

1955  '  80,177.21  73,923. IS  6,254.03 

1956                                             79,531.11  70,336.17  Q.014.O4 

1957                                           85,429.31  89,830.57  4,401 .26* 

1958                                                   81,454.56  77,348.92  4,105.64 

1959                                             80,407.16  80,297.48  109.68 

1960    81,138.79  83,978.29  "50* 

*  Deficit 

Looking  Ahead  at  1961 

While   completing   their  work   for   1960,  committees,  the  Board,   and   thi 
office  were  looking  ahead  to  the  opportunities  and  problems  of   1961.   Late  in  the  SUM 
mer  it  had  been  decided  to  move  the  1961  convention  activities  from  the  Conrad  Hilton 
Hotel,   as   planned  earlier,   to   McCormick   Place,   Chicago's   new    Lakefronl    Exposition 
Center,  and  the  site  of  the  triennial  exhibit  of  the  National  Railway  Applkno      I 
tion,  while  still  continuing  the  Conrad  Hilton  as  the  convention  housing  headqu 
Then,  reflecting  the  retrenchment  policies  of  the  railroads,  came  some  uncertaintj  iboul 
holding  the  convention  and  exhibit.  Planning  came  to  a  standstill    However,  this  uncer- 
tainty was  cleared  up  on  November  2  when,  confronted  by  a  unanimous  vofa    of  the 
Board,  with  the  enthusiastic  support  of  the  NR  A  A.  thai  the  1961  convention  and  exhibit 
should  be  held  as  scheduled,  the   WK  gave  it-  blessing   So,  as  this  report  u  I 
ten,  the  convention  program  has  been  completed,  and  final  plana  and  ipedfi  r 
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all   convention    facilities   and   arrangements   arc    in    the    hands   of   both    the    hotel    and 
McCormick  Place. 

Setting-wise,  program-wise,  and  exhibit-wise,  the  1961  convention  promises  large 
benefits  for  railway  engineering  and  maintenance  officers  and  the  railroads — and  at  a  time 
when  such  benefits  are  sorely  needed.  Encouraged  by  the  convention  prospects,  stimulated 
by  the  problems  ahead,  and  convinced  of  the  continuing  great  value  of  their  organiza- 
tion, all  segments  of  the  Association — its  officers  and  directors,  its  committees,  the  mem- 
bership generally,  and  the  secretary's  office — can  look  forward  to  the  new  Association 
year  with  a  high  degree  of  enthusiasm  and  confidence. 

Respectfully  submitted, 

Neal  D.  Howard, 
Executive  Secretary. 


Beccageb  Jtlcmbers; 

F.    J.    ACKERMAN 
Retired    Chief    Engineer,    Kansas   City    Terminal    Railway,    Kansas    City,    Mo. 

L.  W.  Albertson 

Vice   President,    Spokane,    Portland   &   Seattle   Railway,    Portland,    Ore. 

E.  G.  Allen 

Retired  Special  Engineer,  Atchison,  Topeka  &  Santa  Fe  Railway,   Escondido,   Calif. 

L.  B.  Allen 
Retired  Vice   President,   Chesapeake  &  Ohio  Railway,   Manteo,   Va. 

C.  E.  Beveridge 
Retired  Division  Engineer,  Utah  Railway,  Price,  Utah 

F.  J.  Bishop 

Consulting   Engineer,    Akron,    Canton    &   Youngstown    Railroad,    Vcro    Beach,    Fla. 

T.  E.  Bliss 

Retired   Division   Engineer,   St.   Louis-San   Francisco  &  Texas  Railway,   Fort  Worth,   Tex. 

C.   BUCHOLTZ 
Retired   President,    Virginian   Railway,    Baltimore   County,   Md. 

C.  H.  Buford 

Retired    President,    Chicago,    Milwaukee,    St.    Paul   &   Pacific   Railroad,    St.    Petersburg,    Fla. 

C.  E.  Cate 

Retired   Roadmaster,   Standard   Fruit   Company,    Burbank,   Calif. 

S.  B.  Clement 

Retired    Chief    Engineer,    Temiskaming   &    Northern    Ontario    Railway    Commission,    Sarnia,    Ont. 

B.  W.  DeGeer 

Retired   Engineer  Water   Service   and   Fuel   Facilities,   Great  Northern   Railway,   St.    Paul,   Minn. 

S.  D.  Dunn 

Resident  Engineer,   Baltimore  &  Ohio  Railroad,  Baltimore,  Md. 

G.  F.  Eberly 

Retired   Assistant    Maintenance   Engineer,    Baltimore   &   Ohio   Railroad,    Baltimore,    Md. 

K.  W.  Ebert 
Resident   Engineer,    Reading   Company,    Philadelphia,    Pa. 
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VV.  F.  Faknhwi 
Partner,  Modjeski  and   Masters,   rlarrisburg,    Pa 

J.  D.  Fkaser 

District  Engineer,   New   York  Central   System,   New    York,   N.   V. 

C.   E.   GUDGELL 

Superintendent,    New    Orleans   &    Lower   Coast    Railroad,    New    Orleao       La 

B.  W.  Guppy 

Retired   Engineer  of  Structures,   Boston   &   Maine   Railroad;    Maine   Central    Railroad,    M. 

Albert  Haertlein 
Professor  of  Civil    Engineering,  Harvard   University,  Cambridge,   Mass. 

Earnest  B.  Harris 

Project    Engineer.    Reynolds,    Smith    &    Hills,    Jacksonville,    Ha. 

E.  G.  Hewson 

Retired  Office   Engineer,   Canadian   National   Railways,    Toronto,  Onl 

VV.  J.  Jenks 

Chairman    of    Board,    Norfolk   &   Western    Railway,    Roanoke,    Va. 

A.  A.  Johnson 
Retired   Assistant    Chief    Engineer,    Delaware,   Lackawanna  &   Western    Railroad,   Glen    Ridge,    N     I 

VV.  A.  Jones 

Secretary- Treasurer,    The    Central    Pennsylvania    Coal    Producers'    Association,     Ml a,     Pa 

A.  L.  Kuehn 
Retired    President,    American    Creosote   Company,   Chicago,    III. 

G.  A.  L'Hulllier 
Maintenance  of  Way  Engineer,   Braden  Copper  Company,   Rancagua,   Chile,  S     \ 

A.  A.  Melius 

Architect,    Northern    Pacific   Railway,    St.    Paul,    Minn. 

E.  VV.  Metcalf 

Retired    Assistant    Engineer,    .Missouri-Kansas-Texas   Railroad.    Web  Mo 

F.  T.  Miller 

Consulting   Engineer,    Greensboro,   N.   C. 

H.  C.  Moffitt 

Assistant   Engineer,    St.    Louis-San    Francisco    Railway,   Tulsa,    Okla. 

O.  K.  Morgan 
Retired  Consulting   Engineer,    Piedmont  &   Northern   Railway,  Johnson  City,    renn. 

L.  G.  Morphy 
Retired    District    Engineer,    Boston   &   Albany   Railroad.   North  Olmsted,  Ohio 

G.  P.  Palmer 

Retired   Regional   Engineer  Construction  and   Maintenance,   Baltimon    8   Ohio 
Chicago  Terminal   Railroad,  Clarendon  Hflls,   III. 

R.  E.  P  M 
Assistant    Engineer,   Chicago.    Milwaukee,    St.    Paul    &    Pacific    Railroad,    Chicago,    111 

A.   P.   S<  iiMim 
Assistant    Division    Engineer,   Western    Pacifii    Railroad,    Elko    Ne\ 

F.   A.   SCHNEXDl  K 
District   Equipment    Engineer,    New    ^  'Tk    Centra]   System,    Indianapolis,    Ind. 
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R.  T.  Scholes 
Retired  Assistant   to  Chief   Engineer,   Chicago,   Burlington  &  Quincy  Kailmad,  Hinsdale,   III. 

J.  F.  Shaffer 

Retired    Assistant    to    Chief    Engineer     Construction,    Missouri-Kansas  Texas    Railroad,    Dallas,    Tex. 

Ralph  Smillie 

Smillie    and    Griffin,    Consulting    Engineers,    New    York,    N.    Y. 

A.  L.  Sparks 

Retired    Architect,    Missouri-Kansas-Texas    Railroad,    Kansas    City,    Mo. 

D.  B.  Steinman 
Consulting  Engineer,   New  York,   N.   Y. 

J.  R.  Taft 

Retired   Chief   Engineer,    Genesee   &   Wyoming   Railroad,    Geneseo,   N.   Y. 

Raymond  Westcott 
Special   Engineer,    Reading   Company,    Philadelphia,    Pa. 

C.  A.  Whipple 
Retired    District   Engineer,    Chesapeake   &   Ohio   Railway,    Columbus,    Ohio 

A.  McD.  Wilson 

Chief    Engineer,    Algoma   Central    &    Hudson    Bay    Railway,    Sault    Ste.    Marie,   Ont. 

J.  B.  Wright 

Engineering    Consultant,    Aero    Service   Corporation,    Philadelphia,    Pa. 

J.  J.  Yates 

Retired    Bridge   Engineer,    Central    Railroad   of   New   Jersey,    North    Plainfield,   N.   J. 
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FINANCIAL  STATEMENT  FOR  CALENDAR  YEAR 
ENDING   DECEMBER   31,   1960 
Balance  on  Hand  January  1,  1960  $149, > 


RECEIPTS 
Membership  Account 

Entrance  Fees    $  1 ,650.00 

Dues     43,702.75     $45,352.7S 

Sale  of  Publications 

Proceedings     1 ,996.90 

Bulletins     1,649.40 

Manuals     8,884.54 

Specifications    2,424.51 

Track  Plans    2,017.40 

Research    Reports    5,832.26       22,805.01 

Advertising 
Publications     6,152.73 

Interest  Account 
Interest  on  Investments 3,568.23 

Miscellaneous 

Registration   (Convention)    2,026.00 

Luncheon  Receipts   (Ladies)    930.00 

Other    304.07         3,260.07 

Total     $81,138.79 


DISBURSEMENTS 

Salaries     $26,337.55 

Proceedings    13,989.61 

Bulletins     14,873.1 7 

Stationery   and   Printing    1,949.5-' 

Rent    1,140.00 

Postage     2,209.83 

Supplies    400.40 

Audit    400.00 

Pensions     100.00 

Social  Security  and  Unemployment  Taxes  1,250.96 

Manuals 6,406.32 

Track  Plans    4,199.00 

Committee  and  Officers  Expenses   496.15 

Annual    Meeting    Expenses    4,729.30 

News    Letter    1.- 

Brochure  and  Student  Servicing   426.00 

Miscellaneous   885.81 

Total     

Excess  Disbursements  over  Receipts  ''.50 

Balance  on  hand  December  31,  1060  
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REPORT  OF  THE  TREASURER 

To  the  Members: 

Balance  on  hand  January  1,  1960  $149,879.89 

Receipts  during  1960   $  81,138.79 

Paid  out  on  Audited  Vouchers   83,978.29 

Excess  of  disbursements  over  receipts   2,839.50 

Balance  on  hand  December  31,  1960   $147,040.39 

Consisting  of  Bonds  at  cost   148,835.39 

Cash  in  Northern  Trust  Company  Bank — Credit  Balance   1,820.00 

Petty  Cash    25.00     $147,040.39 


We  have  made  an  examination  of  the  accounts  of  the  American  Railway  Engineering 
Association  for  the  year  ended  December  31,  1960,  and  found  them  to  be  in  accordance 
with  the  foregoing  statement. 

C.  A.  Bick, 

P.  D.  Mitchell, 

Auditors. 

GENERAL  BALANCE  SHEET 

Assets:                                                                                                           1960  1959 

Cash  in  Northern  Trust  Co.  Bank  (Credit  Balance)*  $     1,820.00*  $     1,019.50 

Petty  Cash   25.00  25.00 

Due  from  members    16.50  61.00 

Due  from  sale  of  publications  36.65  26.20 

Due  from  sale  of  advertising 928.80  1,187.30 

Prepaid  postage  35.50  3.05 

Furniture  and  fixtures  1,194.00  1,215.00 

Inventories: 

Publications   (estimated)    500.00  500.00 

Manuals     4,305.00  4,764.00 

Track   plans    2,830.00  583.00 

Binders,  index  and  chapter  35.00  46.00 

Paper  stock    880.00  1,513.60 

Investments   (cost)    148,835.39  148,835.39 

Interest  accrued  on  investments   840.73  421.06 

Totals     $158,642.57  $160,200.10 

Liabilities  : 

Members  dues  paid  in  advance   $       312.00  $        374.50 

Surplus     158,330.57  159,825.60 

Totals     $158,642.57  $160,200.10 

STATEMENT  OF   CASH  RECEIPTS  AND  DISBURSEMENTS  YEAR   1960 

Cash  in  Bank,  January  1,  1960 $     1,019.50 

Rkceipts: 

From  members,  sales  of  publications,  interest,  etc 81,138.79 

Total    $  82,158.29 

Disbursements: 

Audited  Vouchers    $  83,978.29 

Cash  in  Bank  December  31,  1960  Credit  Balance  $     1,820.00 


American  Railway  Engineering 
Association 


CONSTITUTION 

Revised  to  October  30,  1958 


Article  I 
Name,  Object  and  Location 

1.  Name 

The  name  of  this  Association  shall  be  the  AMERICAN  RAILWAY  ENGINEERING 
ASSOCIATION. 

2.  Object 

The  object  of  the  Association  shall  be  the  advancement  of  knowledge  pertaining 
to  the  scientific  and  economic  location,  construction,  operation  and  maintenance  of 
railways. 

3.  Means  to  be  Used 

The  means  to  be  used  for  this  purpose  shall  be: 

(a)  The  investigation  of  matters  pertaining  to  the  object  of  the  Association  through 
Study  and  Research  Committees. 

(b)  Meeting  for  the  presentation  and  discussion  of  papers,  and  for  action  on  the 
recommendations  of  committees. 

(c)  The  publication  of  papers,  reports  and  discussions. 

4.  Conclusions 

The  conclusions  adopted  by  the  Association  shall  be  recommendatory. 

5.  Location 

The  office  of  the  Association  shall  be  located  in  Chicago,  111. 

Article  II 

Membership 

1.  Classes 

The  membership  of  this  Association  shall  be  divided  into  five  classes:  Members. 
Life  Members,  Honorary  Members,  Associates  and  Junior  Members. 

2.  Qualifications 

A.  General 

(a)  An  applicant  to  be  eligible  for  membership  in  any  class  other  than  that  of 
Junior  Member  shall  be  not  less  than  25  years  of  age. 

(b)  To  be  eligible  for  membership  in  any  class,  or  for  retention  of  membership  ai  :i 
Member,  an  Associate  or  a  Junior  Member,  a  person  shall  nol  be  engaged  directlj  >>i 
primarily  in  the  sale  to  the  railways  of  appliances,  supplies,  patents  or  patented  sei 

(c)  The  ri«ht  to  membership  shall  not  he  terminated  by  retirement  from  active 
service. 
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(d)  In  determining  the  eligibility  for  membership  in  any  class,  graduation  in  engineer- 
ing from  a  school  of  recognized  standing  shall  be  considered  as  equivalent  to  three  years 
of  active  practice,  and  satisfactory  completion  of  each  year  of  work  in  such  school, 
without  graduation,  shall  be  considered  as  equivalent  to  one-half  year  of  active  practice. 

(e)  In  determining  the  eligibility  for  Member  under  Section  B  (a)  of  this  Article, 
each  year  of  practical  experience  in  engineering,  or  in  science  related  thereto,  prior  to 
employment  on  a  railway,  if  such  experience  were  of  the  same  specialized  character  as 
the  current  work  of  the  applicant,  shall  be  considered  as  equivalent  to  one  year  of 
railway  service. 

B.  Member 

A  Member  shall  be: 

(a)  An  engineer  or  officer  in  the  service  of  a  railway  corporation  that  is  a  common 
carrier,  who  has  had  not  less  than  five  years'  experience  in  the  location,  construction, 
operation  or  maintenance  of  railways. 

(b)  A  dean,  professor,  assistant  professor,  or  equivalent  in  engineering  in  a  university 
or  college  of  recognized  standing,  or  an  instructor  or  equivalent  in  such  university  or 
college,  who,  with  an  engineering  degree,  has  had  at  least  two  years'  experience  in 
teaching  engineering. 

(c)  An  engineer  or  member  of  a  public  board,  commission  or  other  official  agency 
who,  in  the  discharge  of  his  regular  duties,  deals  with  railway  problems. 

(d)  An  editor  of  a  trade  or  technical  magazine  who,  in  the  discharge  of  his  regular 
duties,  deals  with  railway  problems,  and  who  has  had  the  equivalent  of  five  years' 
engineering  or  railway  experience. 

(e)  A  consulting  engineer,  engaged  in  private  practice,  or  an  engineer  in  his  employ 
or  in  the  employ  of  a  consulting  engineering  organization,  who  has  had  the  equivalent 
of  five  years'  engineering  experience. 

C.  Life  Member 

A  Life  Member  shall  be  a  Member  or  an  Associate  who  has  paid  dues  for  35  years, 
or  who  has  been  retired  under  a  recognized  retirement  plan  and  has  paid  dues  for  not 
less  than  25  years. 

D.  Honorary  Member 

(a)  An  Honorary  Member  shall  be  a  person  of  acknowledged  eminence  in  railway 
engineering  or  management. 

(b)  The  number  of  Honorary  Members  shall  be  limited  to  ten. 

E.  Associate 

An  Associate  shall  be: 

(a)  An  engineer  of  a  railway  which  is  essentially  an  adjunct  of  an  industry,  or 
which  is  used  primarily  to  transport  the  products  and  materials  of  an  industry  to  and 
from  a  railway  which  is  a  common  carrier. 

(b)  A  person  qualified  by  training  and  experience  to  cooperate  with  Members  in  the 
object  of  this  Association,  but  who  is  not  qualified  to  become  a  Member. 

F.  Junior  Member 

(a)  A  Junior  Member  shall  be  not  less  than  21  years  of  age  and  shall  be  an 
engineering  employee  of  a  railway  corporation  who  has  had  not  less  than  three  years 
of  experience  in  the  location,  construction,  operation  or  maintenance  of  railways. 

(b)  His  membership  in  this  classification  in  the  Association  shall  terminate  at  the 
end  of  the  calendar  year  in  which  he  becomes  30  years  of  age. 

(c)  He  may  make  application  for  membership  other  than  as  a  Junior  Member  at 
any  time  when  he  becomes  eligible  to  do  so. 
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3.  Transfers 

The  Board  of  Direction  shall  transfer  from  one  class  of  membership  to  another, 
or  may  remove  from  membership,  any  person  whose  qualifications  so  change  as  to 
warrant  such  action. 

4.  Rights 

(a)  Members,  and  Life  Members  who  were  formerly  Members,  shall  have  all  the 
rights  and  privileges  of  the  Association.  Life  Members  who  were  formerly  Associates 
shall  continue  to  have  all  the  rights  and  privileges  of  Associates. 

(b)  Honorary  Members  shall  have  all  the  rights  and  privileges  of  the  Association 
except  those  of  holding  elective  office,  provided,  however,  that  Members  or  Life  Members 
who  are  elected  Honorary  Members  shall  retain  all  the  rights  and  privileges  of  the 
Association. 

(c)  Associates  and  Junior  Members  shall  have  all  the  rights  and  privileges  of  the 
Association  except  those  of  voting  and  holding  elective  office. 

Article  III 

Admission,  Resignation,  Expulsion  and  Reinstatement 

1.  Charter  Membership 

The  Charter  Membership  of  this  Association  consists  of  all  persons  elected  to  mem- 
bership before  March  15,  1900. 

2.  Application  for  Membership 

(a)  A  person  desirous  of  membership  in  this  Association  shall  make  application 
upon  the  form  provided  by  the  Board  of  Direction.  In  the  event  that  Junior  Membership 
is  desired,  the  applicant  shall  so  state. 

(b)  The  applicant  shall  give  the  names  of  at  least  three  Members  of  this  Asso- 
ciation to  whom  personally  known.  Each  of  these  Members  shall  be  requested  by  the 
Executive  Secretary  of  the  Association  to  certify  to  a  personal  knowledge  of  the  applicant 
with  an  opinion  of  the  applicant's  qualifications  for  membership. 

(c)  If  an  applicant  is  not  personally  known  to  as  many  as  three  Members  of  this 
Association,  the  names  of  well-known  persons  engaged  in  railway  or  allied  professional 
work  to  whom  he  is  personally  known  shall  be  substituted,  as  necessary,  to  provide  a 
total  of  at  least  three  references.  Each  of  these  persons  shall  be  requested  by  the  Executive 
Secretary  of  the  Association  to  certify  to  a  personal  knowledge  of  the  applicant,  with  an 
opinion   of   the  applicant's   qualifications   for   membership. 

(d)  No  further  action  shall  be  taken  upon  the  application  until  replies  have  been 
received  from  at  least  three  of  the  persons  named  by  the  applicant  as  references. 

3.  Election  to  Membership 

(a)  Upon  completion  of  the  application  in  accordance  with  Section  2  of  this  Article 
the  Board  of  Direction  through  its  Membership  Committee  shall  consider  the  application 
and  make  such  investigation  as  it  may  consider  desirable  or  necessary. 

(b)  Upon  completion  of  such  consideration  and  investigation,  each  member  of  the 
Board  of  Direction  shall  be  supplied  with  the  required  information,  together  with  the 
recommendation  of  the  Membership  Committee  as  to  the  class  of  membership,  if  any, 
to  which  the  applicant  is  eligible,  and  the  admission  of  the  applicant  shall  be  canvassed  by 
ballot  among  the  members  of  the  Board  of  Direction. 
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(c)  In  the  event  that  an  application  has  been  made  under  the  provisions  of  Section  2, 
Paragraphs  (a)  and  (b)  of  this  Article,  a  two-thirds  affirmative  vote  of  the  entire  Board 
of  Direction  shall  be  required  for  election. 

(d)  In  the  event  that  an  application  has  been  made  under  the  provisions  of  Section 

2,  Paragraphs   (a)    and   (c)   of  this  Article,  a  unanimous  affirmative  vote  of  the  entire 
Board  of  Direction  shall  be  required  for  election. 

4.  Subscription  to  the  Constitution 

An  applicant  for  any  class  of  membership  in  this  Association  shall  declare  his  willing- 
ness to  abide  by  the  Constitution  of  the  Association  in  his  application  for  membership. 

5.  Honorary  Member 

A  proposal  for  Honorary  Membership  shall  be  endorsed  by  ten  or  more  Members 
of  the  Association  and  a  copy  furnished  each  member  of  the  Board  of  Direction.  The 
nominee  shall  be  declared  an  Honorary  Member  upon  receiving  a  unanimous  vote  of  the 
entire  Board  of  Direction. 

6.  Resignation 

The  Board  of  Direction  shall  accept  the  resignation,  tendered  in  writing,  of  any 
person  holding  membership  in  the  Association  whose  obligations  to  the  Association  have 
been  fulfilled. 

7.  Expulsion 

Charges  of  misconduct  on  the  part  of  anyone  holding  membership  in  this  Association, 
if  in  writing  and  signed  by  ten  or  more  Members,  may  be  submitted  to  the  Board  of 
Direction  for  examination  and  action.  If,  in  the  opinion  of  the  Board  action  is  war- 
ranted, the  person  complained  of  shall  be  served  with  a  copy  of  such  charges  and  shall 
be  given  an  opportunity  to  answer  them  to  the  Board  of  Direction.  After  such  oppor- 
tunity has  been  given,  the  Board  of  Direction  shall  take  final  action.  A  two-thirds 
affirmative  vote  of  the  entire  Board  of  Direction  shall  be  required  for  expulsion. 

8.  Reinstatement 

(a)  A  person  having  been  a  Member,  an  Associate  or  a  Junior  Member  of  this 
Association  and  having  resigned  such  membership  while  in  good  standing  may  be 
reinstated  by  a  two-thirds  affirmative  vote  of  the  entire  Board  of  Direction. 

(b)  A  person  having  been  a  Member,  an  Associate  or  a  Junior  Member  of  this 
Association  and  having  forfeited  membership  under  the  provisions  of  Article  IV,  Section 

3,  may,  upon  such  conditions  as  may  be  fixed  by  the  Board,  be  reinstated  by  a  two-thirds 
affirmative  vote  of  the  entire  Board  of  Direction. 


Article  IV 

Dues 

1.  Entrance  Fee 

(a)  An  entrance  fee  of  $10  shall  be  payable  to  the  Association  with  each  application 
for  membership  other  than  Junior  Membership.  This  sum  shall  be  returned  to  an  applicant 
not  elected. 

(b)  No  entrance  fee  shall  be  required  for  Junior  Membership,  except  that  a  Junior 
Member,  in  transferring  to  another  class  of  membership,  shall  pay  the  entrance  fee 
prescribed  for  other  classes  of  Membership. 
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2.  Annual  Dues 

(a)  The  annual  dues  for  each  Member  and  each  Associate  shall  be  $15. 

(b)  The  annual  dues  for  each  Junior  Member  shall  be  $5. 

(c)  Life  Members  and  Honorary  Members  shall  be  exempt  from  the  payment  of 
dues.  Life  Members  desiring  to  continue  to  receive  the  Bulletins  and  Proceedings  of  the 
Association  may  do  so  by  paying  a  subscription  fee  prescribed  by  the  Board  of  Direction 

3.  Arrears 

A  person  whose  dues  are  not  paid  before  April  1  of  the  current  year  shall  be  notified 
by  the  Executive  Secretary.  If  the  dues  are  still  unpaid  on  July  1,  further  notice  shall  be 
given,  informing  the  person  that  he  is  not  in  good  standing  in  the  Association.  If  the  dues 
remain  unpaid  by  October  1,  the  person  shall  be  notified  that  he  will  no  longer  receive 
the  publications  of  the  Association.  If  the  dues  are  not  paid  by  December  31,  the  person 
shall  forfeit  membership  without  further  action  or  notice,  except  as  provided  for  in 
Section  4  of  this  Article. 

4.  Remission  of  Dues 

The  Board  of  Direction  may  extend  the  time  of  payment  of  dues,  and  may  remit 
the  dues  of  any  Member,  Associate  or  Junior  Member  who,  for  good  reason,  is  unable 
to  pay  them. 

Article  V 

Officers 

1.  Officers 

(a)  The  officers  of  the  Association  shall  be  a  President,  two  Vice  Presidents, 
twelve  Directors,  an  Executive  Secretary  and  a  Treasurer. 

(b)  The  President,  the  Vice  Presidents  and  the  Directors,  together  with  the  two 
latest  living  Past  Presidents  continuing  to  be  Members,  shall  constitute  the  Board  of 
Direction,  in  which  the  government  of  the  Association  shall  be  vested;  they  shall  act 
as  the  trustees  and  have  the  custody  of  all  property  belonging  to  the  Association.  The 
President,  the  Vice  Presidents  and  the  Directors  shall  be  Members. 

(c)  The  Executive  Secretary  and  the  Treasurer  shall  be  appointed  by  the  Board  of 
Direction. 

2.  Term  of  Office 

The  term  of  office  of  the  President  shall  be  one  year,  of  the  Vice  Presidents  two 
years  and  of  the  Directors  three  years.  The  term  of  each  shall  begin  at  the  close  of 
the  annual  convention  at  which  elected  and  continue  until  a  successor  is  qualified. 
All  other  officers  and  employees  shall  hold  office  or  position  at  the  pleasure  of  the  Board 
of  Direction. 

3.  Officers  Elected  Annually 

(a)  There  shall  be  elected  at  each  annual  convention  a  President,  one  Vice  President 
and  four  Directors. 

(b)  The  candidates  for  President  and  for  Vice  President  shall  be  selected  from 
the  members  or  past  members  of  the  Board  of  Direction. 

4.  Conditions  of  Re-election  of  Officers 

A  President  shall  be  ineligible  for  re-election,  except  as  provided  for  in  Section  5  (e) 
of  this  Article.  Vice  Presidents  and  Directors  shall  be  ineligible  for  re-election  to  the  same 
office,  except  as  provided  for  in  Section  5  (e)  <>i  this  Article,  until,  at  least  one  full 
term  has  elapsed  after  the  end  of  their  respective  terms. 
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5.  Vacancies  in  Offices 

(a)  If  a  vacancy  should  occur  in  the  office  of  President,  as  set  forth  in  Section  6 
of  this  Article,  the  senior  Vice  President  shall  immediately  and  automatically  become 
President  for  the  unexpired  term. 

(b)  If  a  vacancy  should  occur  in  the  office  of  the  senior  Vice  President,  due  to 
advancement  under  Section  5  (a)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  the  junior  Vice  President  shall  automatically  become  senior  Vice  President 
for  the  unexpired  term. 

(c)  If  a  vacancy  should  occur  in  the  office  of  the  junior  Vice  President,  due  to 
advancement  under  Section  5  (b)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  the  Board  of  Direction  shall  by  the  affirmative  vote  of  two-thirds  of  its 
entire  membership,  select  a  junior  Vice  President  from  the  members  or  past  members 
of  the  Board  of  Direction. 

(d)  A  vacancy  in  the  office  of  Director,  due  to  advancement  of  a  Director  to  junior 
Vice  President  under  Section  5  (c)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  shall  be  filled  by  the  Board  of  Direction  by  the  affirmative  vote  of 
two-thirds  of  its  entire  membership. 

(e)  An  incumbent  in  any  office  for  an  unexpired  term  shall  be  eligible  for  re-election 
to  the  office  held;  provided,  however,  that  anyone  selected  to  fill  a  vacancy  as  Director 
shall  be  eligible  for  election  to  that  office,  excepting  that  such  appointee  filling  out  an 
unexpired  term  of  two  years  or  more  shall  be  considered  as  coming  within  the  provisions 
of  Section  4  of  this  Article. 

6.  Vacation  of  Office 

(a)  In  the  event  of  the  death  of  an  elected  officer,  or  his  resignation  from  office, 
or  if  he  should  cease  to  be  a  Member  of  the  Association  as  provided  in  Section  2  (B), 
Article  II;  Section  6  or  7,  Article  III;  or  Section  3,  Article  IV,  the  office  shall  be  con- 
sidered as  vacated. 

(b)  In  the  event  of  the  disability  of  an  officer  or  neglect  in  the  performance  of  duty 
by  an  officer,  the  Board  of  Direction,  by  the  affirmative  vote  of  two-thirds  of  its  entire 
membership  shall  have  the  power  to  declare  the  office  vacant. 

Article  VI 
Nomination  and  Election  of  Officers 

1.  Nominating  Committee 

(a)  There  shall  be  a  Nominating  Committee  composed  of  the  five  latest  living  Past 
Presidents  of  the  Association,  who  are  Members,  and  five  Members  who  are  not 
officers. 

(b)  The  five  Members  who  are  not  Past  Presidents  shall  be  elected  annually  for  a 
term  of  one  year,  when  the  officers  of  the  Association  are  elected. 

(c)  The  senior  Past  President  who  is  a  member  of  the  committee  shall  be  the 
chairman  of  the  committee.  In  the  absence  of  the  senior  Past  President  from  a  meeting 
of  the  committee  the  Past  President  next  in  seniority  present  shall  act  as  chairman. 

2.  Method  of  Nominating 

(a)  Prior  to  December  1  of  each  year  the  chairman  shall  call  a  meeting  of  the 
committee  at  a  convenient  place,  at  which  nominees  for  the  several  elective  offices 
shall  be  selected  as  follows: 
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Number  of  Candi- 

Number  of  Candi-  dates  to  be 

dates  to  be  named  elected  at  the 

by  the  Nominating  Annual  Election 

Office  to  be  Filled                                            Committee  of  Officers 

President    1  1 

Vice   President    1  1 

Directors    8  4 

Nominating  Committee    10  S 

(b)  The  chairman  of  the  Nominating  Committee  shall  send  the  names  of  the 
nominees  to  the  President  and  Executive  Secretary  not  later  than  December  IS  of  the 
same  year,  and  the  Executive  Secretary  shall  report  the  names  of  these  nominees  to  the 
members  of  the  Association  not  later  than  January  1  following. 

(c)  At  any  time  between  January  1  and  February  1  any  ten  or  more  Members 
may  send  to  the  Executive  Secretary  additional  nominations  for  any  elective  office  for 
the  ensuing  year  signed  by  such  Members. 

(d)  If  any  person  nominated  shall  be  found  by  the  Board  of  Direction  to  be 
ineligible  for  the  office  for  which  nominated,  or  should  a  nominee  decline  such  nomination, 
his  name  shall  be  withdrawn.  The  Board  of  Direction  may  fill  any  vacancies  that  may 
occur  in  the  list  of  nominees  up  to  the  time  the  ballots  are  sent  out. 

3.  Ballots  Issued 

Not  less  than  thirty  days  prior  to  each  annual  convention,  the  Executive  Secretary 
shall  issue  a  ballot  to  each  voting  Member  of  record  who  has  paid  his  dues  to  or  beyond 
December  31  of  the  previous  year,  listing  the  several  candidates  to  be  voted  upon.  When 
there  is  more  than  one  candidate  for  any  office,  the  names  shall  be  arranged  on  the 
ballot  in  the  order  that  shall  be  determined  by  lot  by  the  Nominating  Committee.  The 
ballot  shall  be  accompanied  by  a  statement  giving  for  each  candidate  his  record  of 
membership  and  activities  in  this  Association. 

4.  Substitution  of  Names 

Members  may  remove  names  from  the  printed  ballot  list  and  may  substitute  the  name 
or  names  of  any  other  person  or  persons  eligible  for  any  office,  but  the  number  of  nanus 
voted  for  each  office  on  the  ballot  must  not  exceed  the  number  to  be  elected  at  that 
time  to  such  office. 

5.  Ballots 

(a)  Ballots  shall  be  placed  in  an  envelope,  sealed  and  endorsed  with  the  name  of 
the  voter,  and  mailed  to  or  deposited  with  the  Executive  Secretary  at  any  time  previous 
to  the  closure  of  the  polls. 

(b)  A  voter  may  withdraw  his  ballot,  and  cast  another,  at  any  time  before  the  polls 
close. 

(c)  Ballots  received  in  unendorsed  envelopes,  or  from  persons  not  qualified  to 
shall  not  be  counted. 

(d)  The  ballots  and  envelopes  shall  be  preserved  for  not  less  than  ten  days  after 
the  vote  is  canvassed. 

6.  Closure  of  Polls 

The  polls  shall  be  closed  at  12  o'clock  noon  on  the  second  day  of  the  annual  conven- 
tion, and  the  ballots  shall  be  counted  by  tellers  appointed  by  the  presiding  officer. 
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7.  Election 

(a)  The  persons  who  shall  receive  the  highest  number  of  votes  for  the  offices  for 
which  they  are  candidates  shall  be  declared  elected. 

(b)  In  case  of  a  tie  between  two  or  more  candidates  for  the  same  office,  the 
Members  present  at  the  annual  convention  shall  elect  the  officer  by  ballot  from  the 
candidates  so  tied. 

(c)  The  presiding  officer  shall  announce  at  the  convention  the  names  of  the  officers 
elected  in  accordance  with  this  Article. 


Article  VII 

Management 

1.  President 

The  President  shall  have  general  supervision  of  the  affairs  of  the  Association,  shall 
preside  at  meetings  of  the  Association  and  of  the  Board  of  Direction,  and,  by  virtue 
of  his  office,  shall  be  a  member  of  all  committees,  except  the  Nominating  Committee. 

2.  Vice  Presidents 

The  Vice  Presidents,  in  order  of  seniority,  shall  preside  at  meetings  in  the  absence 
of  the  President. 

3.  Treasurer 

The  Treasurer  shall  pay  all  bills  of  the  Association  when  properly  certified  by  the 
Executive  Secretary  and  approved  by  the  Finance  Committee.  He  shall  make  an  annual 
report  as  to  the  financial  condition  of  the  Association  and  such  other  reports  as  may  be 
called  for  by  the  Board  of  Direction. 

4.  Executive  Secretary 

The  Executive  Secretary,  under  the  direction  of  the  President  and  Board  of  Direc- 
tion shall  be  the  Executive  Officer  of  the  Association  and  shall  attend  the  meetings  of  the 
Association  and  of  the  Board  of  Direction,  prepare  the  business  therefor,  and  record  the 
proceedings  thereof.  The  Executive  Secretary  shall  see  that  all  money  due  the  Associa- 
tion is  collected,  is  credited  to  the  proper  accounts,  and  is  deposited  in  the  designated 
depository  of  the  Association,  with  receipt  to  the  Treasurer  therefor.  He  shall  personally 
certify  to  the  accuracy  of  all  bills  and  vouchers  on  which  money  is  to  be  paid.  He  shall 
invest  all  funds  of  the  Association  not  needed  for  current  disbursements,  as  shall  be 
recommended  by  the  Finance  Committee  and  approved  by  the  Board  of  Direction,  with 
notification  to  the  Treasurer  of  such  investments.  The  Executive  Secretary  shall  conduct 
the  correspondence  of  the  Association,  make  an  annual  report  to  the  Association,  and 
perform  such  other  duties  as  the  Board  of  Direction  may  prescribe. 

5.  Auditing  of  Accounts 

The  financial  accounts  of  the  Association  shall  be  audited  annually  by  an  accountant 
or  accountants  approved  by  and  under  the  direction  of  the  Finance  Committee. 

6.  Board  of  Direction  and  Executive  Committee 

(a)  The  Board  of  Direction  shall  manage  the  affairs  of  the  Association,  and  shall 
have  full  power  to  control  and  regulate  all  matters  not  otherwise  provided  for  in  the 
Constitution. 
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(b)  The  Board  of  Direction  shall  meet  within  thins  days  .titer  each  anninl 
convention,  and  at  such  other  times  as  the  President  may  direct.  Special  meetings  shall 
be  called  on  request,  in  writing,  of  five  members  of  the  Board  of  Direction. 

(c)  Seven  members  of  the  Board  of   Direction  shall  constitute  a  quorum. 

(d)  At  the  first  meeting  of  the  Board  of  Direction  after  the  annual  convention, 
the  President  shall  appoint  from  the  membership  of  the  Board,  subject  to  ratification 
by  the  Board,  four  members  to  serve  with  him  as  an  Executive  Committee  which  shall 
possess  and  may  exercise  during  intervals  between  meetings  of  the  Board,  all  of  the 
powers  of  the  Board  on  matters  which  in  the  judgment  of  a  majority  of  the  Executive 
Committee  cannot  properly  be  delayed  until  the  next  meeting  of  the  Board.  Actions 
of  the  Executive  Committee  shall  be  reported  to  the  Board  of  Direction  at  the  next 
meeting  of  the  Board.  The  President  shall  be  chairman  of  the  Executive  Committee. 
Actions  of  the  Executive  Committee  shall  be  authorized  by  a  concurring  majority  of 
its  full  membership.  Members  of  the  Executive  Committee  shall  serve  until  their  succes- 
sors are  appointed  or  until  the  Executive  Committee  is  dissolved  by  action  of  a  majority 
of  the  full  membership  of  the  Board  of  Direction.  Following  dissolution  of  the  Executive 
Committee  it  may  be  re-created  at  any  time  by  action  of  a  majority  of  the  full  mem- 
bership of  the  Board  of  Direction.  If  not  so  re-created  prior  to  the  next  annual  con- 
vention, the  Executive  Committee  shall  be  reconstituted  in  the  normal  manner  at  the 
first  meeting  of  the  Board  of  Direction  following  the  convention. 

7.  Administrative  Committees 

At  the  first  meeting  of  the  Board  of  Direction  after  the  annual  convention,  the 
following  Administrative  Committees,  each  consisting  of  not  less  than  three  members, 
shall  be  appointed  by  the  President.  The  personnel  of  these  committees  shall  be  subject 
to  approval  by  the  Board  of  Direction. 

Assignments 

Finance 

Manual 

Membership 

Personnel 

Publications 

Research 

Other  special  Administrative  Committees  may  be  appointed  by  the  President  at 
any  time,  and  reappointed  annually,  if  necessary,  their  personnel  licins  subject  to 
approval  by   the  Board  of  Direction. 

Membership  on  Administrative  Committees  shall  be  restricted  to  members  of  the 
Board  of  Direction,  except  that  one  or  two  members  of  the  Administrative  Committee 
on   Research   may  be  past  members  of  the   Board  of  Direction. 

8.  Study  and  Research  Committees 

The  Board  of  Direction  may  establish  continuing  or  special  Study  and   R 

Committees  to  investigate,  consider,  and  report  upon  subjects  appropriate  to  the 
of   the  Association,  as  set   forth   in   Art.   I. 

9.  Duties  of  Administrative  Committees 

(a)   Assignments 

The  Assignments  Committit-   -lull   review   and   pass   upon   the   recommei 
Association  Study  and  Research   Committees  for  subjects  to  be  in 
and   reported  on   by   these  committees  during  the  ensuing   Association   ymi     u 
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report  thereon  to  the  Board  of  Direction  for  its  approval.  The  Assignments  Committee 
shall  have  authority  to  assign  additional  subjects  or  change  the  scope  of  any  existing 
subjects  at  any  time  during  the  year,  reporting  its  action  thereon  to  the  Board  at  its 
next  regular  meeting. 

(b)  Finance 

The  Finance  Committee  shall  have  immediate  supervision  of  the  accounts  and 
financial  affairs  of  the  Association;  shall  approve  all  bills  before  payment,  and  shall 
make  recommendations  to  the  Board  of  Direction  as  to  the  investment  of  funds  and 
other  financial  matters.  The  Finance  Committee  shall  not  have  the  power  to  incur 
debts  or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money 
other  than  the  amounts  necessary  to  meet  ordinary  current  expenses  of  the  Association, 
except  by  authority  of  the  Board  of  Direction. 

(c)  Manual 

The  Manual  Committee,  with  the  assistance  of  the  Publications  Committee,  shall 
have  general  supervision   over  the  Manual. 

(d)  Membership 

The  Membership  Committee  shall  investigate  applicants  for  membership  and  shall 
make  recommendations  to  the  Board  of  Direction  with  reference  thereto. 

(e)  Personnel 

The  Personnel  Committee  shall  review  and  pass  upon  applications  of  members 
for  appointment  to  Study  and  Research  Committees,  and  shall  also  appoint  the  chair- 
man and  vice  chairman  of  such  committees  and  make  a  report  thereon  to  the  Board 
of  Direction  for  its  approval.  Should  an  unexpected  vacancy  in  chairmanship  or  vice 
chairmanship  of  any  such  committee  occur,  the  Personnel  Committee  shall  have  author- 
ity to  fill  such  vacancy  immediately,  reporting  its  action  thereon  to  the  Board  at  its 
next  regular  meeting. 

(f)  Publications 

The  Publications  Committee  shall  have  general  supervision  over  the  publications 
of  the  Association.  The  Publications  Committee  shall  not  have  the  power  to  incur 
debts  or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money 
except   by   authority   of   the   Board  of   Direction. 

(g)  Research 

The  Research  Committee  shall  encourage  and  coordinate  the  research  activities  of 
the  Association,  in  the  course  of  accomplishment  of  which  it  shall  review  and  pass 
upon  the  recommendations  of  Study  and  Research  Committees  for  research  projects  and 
shall  report  thereon  to  the  Board  of  Direction,  recommending  for  approval  specific 
projects  initiated  by  these  committees  or  by  the  Research  Committee  and  recommending 
allotments  of  funds  for  these  projects  in  the  research  budget  of  the  Association  of 
American  Railroads  or  from  other  sources  compatible  therewith;  shall  collaborate  closely 
with  the  research  staff  of  the  Association  of  American  Railroads;  and  when  called  upon 
by  the  Vice  President — Research  or  the  Vice  President — Operations  and  Maintenance 
of  that  association,  members  of  the  Research  Committee  shall  engage  in  the  activities 
of  advisory  committees  or  groups  of  that  organization  and  shall  report  from  time  to 
time  to  the  Board  of  Direction  on  those  activities. 

10.  Special  Committees 

The  Board  of  Direction  may  appoint  special  committees  to  examine  into  and  report 
upon  any  subject  connected  with  the  objects  of  this  Association. 
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11.  Discussion  by  Non-Members 

The  Board  of  Direction  may  invite  discussions  of  reports  from  persons  not  member* 
of  the  Association. 

12.  Sanction  of  Act  of  Board  of  Direction 

An  act  of  the  Board  of  Direction  which  shall  have  received  the  expressed  or  implied 
sanction  of  the  membership  at  the  next  annual  convention  of  the  Association  shall  be 
deemed  to  be  the  act  of  the  Association. 

Article  VIII 
Meetings 

1.  Annual  Convention 

(a)  The  Annual  Convention  of  the  Association  shall  be  held  in  the  City  of  Chicago, 
111.,  or  in  such  other  city  as  may  be  determined  by  the  affirmative  vote  of  two-thirds 
of  the  entire  membership  of  the  Board  of  Direction.  The  convention  shall  open  on  the 
second  Tuesday  in  the  month  of  March,  or  on  the  third  Tuesday  if  the  month  of  March 
has  five  Tuesdays,  excepting  that  some  other  opening  day  in  March  may  be  designated 
by  the  affirmative  vote  of  two-thirds  of  the  entire  membership  of  the  Board  of  Direction 

(b)  The  Executive  Secretary  shall  notify  all  members  of  the  Association  of  the  tim( 
and  place  of  the  annual  convention  at  least  30  days  in  advance  thereof. 

(c)  The  order  of  business  at  the  annual  convention  of  the  Association  shall  be: 
Reading  of  the  minutes  of  the  last  meeting 

Address  of  the  President 

Reports  of  the  Executive  Secretary  and  the  Treasurer 

Reports  of  committees 

Unfinished   business 

New  business 

Installation  of  officers 

Adjournment 

(d)  This  order  of  business  may  be  changed  by  a  majority  vote  of  Members  present 

(e)  The  proceedings  shall  be  governed  by  "Robert's  Rules  of  Order"  except  as 
otherwise  herein  provided. 

(f)  Discussions  shall  be  limited  to  Members  and  to  those  others  invited  by  the 
presiding  officer  to  speak. 

2.  Special  Meetings 

Special  meetings  of  the  Associations  may  be  called  by  the  Board  of  Directions  on  its 
own  initiative,  and  may  be  so  called  by  the  Board  of  Direction  upon  written  request 
of   100  Members.  The  request  shall  state  the  purpose  of  such   meeting. 

The  call  for  such  special  meeting  shall  be  issued  not  less  than  ten  days  in  advance 
of  the  proposed  date  of  such  meeting  and  shall  state  the  purpose  and  place  of  the 
meeting.  No  other  business  shall  be  taken  up  at  such  meeting. 

3.  Quorum 

Twenty-five  Members  shall  constitute  a  quorum  at  all  meetings  of  the  Association. 

Article  IX 
Amendment 
1.  Amendment 

Proposed  amendment  of  this  Constitution  shall  be  made  in  writing,  lhall  It  rigned 
by  not  less  than  ten  Members,  and  shall  be  acted  upon  in  the  following  manner 
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The  amendment  shall  be  presented  to  the  Executive  Secretary,  who  shall  send  a 
copy  to  each  member  of  the  Board  of  Direction  as  soon  as  received.  If  a  majority  of 
the  entire  Board  of  Direction  so  votes,  the  matter  shall  be  submitted  to  the  Association 
by  letter  ballot. 

Sixty  days  after  the  date  of  issue  of  the  letter  ballot,  the  Board  of  Direction  shall 
canvass  the  ballots  which  have  been  received,  and  if  two-thirds  of  such  ballots  are  in 
the  affirmative  the  amendment  shall  be  declared  adopted  and  shall  become  effective  imme- 
diately. The  result  of  the  letter  ballot  shall  be  announced  to  members  of  the  Association. 


Information  and  Rules  for  the  Guidance  of  Committees 

The  following  information  and  rules  for  the  guidance  of  committees  are  designed 
to  obtain  the  maximum  benefits  from  the  efforts  of  the  members  who  make  up  the 
personnel  of  such  committees.  They  are  designed  to  effect  a  continuity  of  effort  in 
committee  work  throughout  the  entire  year,  under  a  plan  whereby  the  personnel  of  the 
committees  and  their  respective  assignments  for  investigation  and  report  are  set  up  and 
made  public  on  or  before  the  beginning  of  the  calendar  year,  thus  enabling  the  work 
to  be  continued  without  interruption,  although  the  new  personnel  and  subii 
ments  do  not  become  officially  effective  until  the  beginning  of  the  "Association  Year," 
which  starts  with  the  close  of  the  annual  meeting. 

The  rules  also  take  into  account  the  fact  that  the  publication  of  the  committee 
reports  must  be  spread  out  over  a  period  of  four  months  (November  through  February), 
to  facilitate  printing  and  to  give  members  of  the  Association  a  reasonable  length  of  time 
in  which  to  study  such  reports  in  advance  of  the  annual  meeting. 

SUBJECT  ASSIGNMENTS 
Reassigned  Annually 

The  assignments  for  investigation  and  report  of  each  committee  shall  be  revi  wed 
annually.  To  this  end,  each  committee  shall  review  suggestions  for  new  subjects  sub- 
mitted by  its  Subcommittee  A,  by  other  members  of  the  committee,  or  by  others,  and 
such  suggestions  as  receive  the  approval  of  the  committee  shall  be  submitted  by  the 
committee  chairman  to  the  executive  secretary  of  the  Association  not  later  than  October 
1.  Each  suggestion  shall  be  accompanied  by  brief  explanation  of  the  purpose  and  scope 
of  each  proposed  assignment,  or  change  in  the  wording  of  present  assignments.  At  the 
same  time,  the  committee  chairman  shall  submit  the  committee's  recommendations  cover- 
ing the  withdrawal  or  continuation  of  current  assignments,  with  a  brief  statement  of  the 
reason  or  reasons  therefor. 

The  recommendations  received  from  the  various  committees  shall  be  assembled  and 
forwarded  to  the  Board  Committee  on  Assignments,  which  has  the  responsibility 
of  authorizing  the  subject  assignments  to  the  various  committees.  Deviations  from  as- 
signments  thus  authorized  may  be  made  during  the  course  of  the  year  only  upon  author- 
ity of  the  Board  Committee  on  Assignments.  However,  this  is  not  to  be  construed 
as  preventing  any  committee  from  proposing  additional  urgent  assignments  at  any  time 
during  the  year,  upon  which  it  feels  work  should  be  begun  promptly. 

Scope  of  Assignments  of  Committees  22  and  27 

The  scope  of  assignments  of  Committee  22  will  encompass  studies  relating  to  the 
economics   of  various   types  of  work  equipment  as  used  by   the  labor  which 

they   are   assigned,   including   the   labor   savings   that    may   be   effected,  and 

quality  of  work. 

The   scope   of   assignments   of   Committee   27    will   encompass  studies   invoh 
mechanical    features,    operating    characteristics,    development    and    maintenano 
equipment,    and    fuels,    lubricants,   etc.,   necessary    for   its   operation;    also    pertail 
such  labor  aspects  as  the  selection  and  training  of  equipment 
repair  forces. 
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Either  or  both  committees  may  include  in  their  considerations  and  reports  factors 
of  design  or  operation  that  affect  productivity  or  quality  of  work,  and  such  economic 
aspects  as  first  cost,  obsolescence,  life,  depreciation,  and  maintenance  and  repair  costs 
as  may  be  necessary  to  the  comprehensive  development  of  their  respective  assignments. 

In  the  case  of  an  overlapping  assignment,  the  assignment  should  normally  be  handled 
by  the  committee  principally  affected  in  the  light  of  the  foregoing  paragraphs,  with  the 
other  committee  collaborating. 

COMMITTEE  PERSONNEL 
Reorganized  Annually 

The  personnel  of  each  committee  shall  be  reorganized  annually.  It  is  desirable  that 
10  percent  of  the  membership  be  changed  each  year.  Members  who  do  not  attend  meet- 
ings of  the  committee,  who  do  not  render  service  by  correspondence,  or  who  do  not 
return  letter  ballots  will  be  dropped.  To  this  end  the  chairman  of  the  committee  shall 
submit  to  the  secretary's  office  not  later  than  October  1  the  current  Committee  Member 
Activity  Record  Chart,  filled  out  in  full  regarding  each  member,  and  showing  in  the 
appropriate  columns  which  members  he  recommends  be  dropped  because  of  delinquency 
in  service  to  the  committee,  or  for  other  reasons,  and  those  members  he  recommends  be 
continued  on  the  committee.  The  chart,  at  the  bottom,  should  also  list  any  members 
he  recommends  for  appointment  to  the  committee,  whether  previously  carried  as  "guest" 
members  or  not. 

The  recommendations  received  from  the  various  committees  shall  be  assembled  and 
forwarded  to  the  Board  Committee  on  Personnel,  which  has  the  duty  of  appointing 
the  committee  personnel. 

No  additions  to  the  personnel  of  committees  will  be  made  during  the  year  following 
the  official  closing  of  committee  rosters,  October  1,  except  as  provided  for  in  the  rules 
applying  to  "Guests." 

Members  who  desire  appointment  to  a  committee  should  make  application  through 
the  committee  chairman  or  the  executive  secretary  on  the  prescribed  form. 

Chairmen,  Vice  Chairmen  and  Subcommittee  Chairmen 

Chairmen,  vice  chairmen  and  subcommittee  chairmen  must  hold  the  grade  of 
Member  in  the  Association,  and  be  in  active  service  of  their  respective  companies  or 
organizations  (not  retired).  These  officers  of  a  committee  and  of  its  subcommittees,  along 
with  the  secretary  of  the  committee,  if  any,  constitute  the  official  representatives  of  the 
Engineering  Division,  AAR,  on  the  committee  (except  to  the  extent  that  any  one  or 
more  of  them  may  not  be  in  the  employ  of  an  AAR  Member  Road),  and  their  names 
will  be  set  in  bold-face  type  at  the  top  of  all  published  listings  of  the  committee 
personnel. 

The  term  of  chairman  and  vice  chairman  shall  be  three  years  in  each  position,  and 
will  normally  start  at  the  beginning  of  the  Association  year,  at  the  close  of  an  annual 
meeting.  However,  the  term  of  office  of  vice  chairman  will  be  shorter  if  he  is  appointed 
to  fill  a  vacancy  in  the  position  of  vice  chairman.  Chairmen  completing  their  three-year 
term  shall  recommend  to  the  Board  Committee  on  Personnel  nominees  for  the  chair- 
manship and  vice  chairmanship,  with  assurance  of  acceptances  from  such  nominees  if 
appointed  by  the  Board  Committee.  The  term  of  office  of  subcommittee  chairmen  may 
be  more  than  three  years. 

In  the  event  of  a  vacancy  in  the  office  of  chairman,  the  office  shall  be  filled  by  the 
vice  chairman,  subject  to  the  approval  of  the  Board  Committee  on  Personnel.  The  three- 
year  term  of  office  of  the  chairman  so  approved,  or  of  a  new  appointee  shall  be  con- 
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sidered  as  having  started  as  of  the  end  of  the  immediately  preceding  convention  if  the 
appointment  is  made  prior  to  the  time  the  committee's  report  is  due  in  the  secretary's 
office,  and  as  becoming  effective  as  of  the  end  of  the  next  convention  if  the  appointment 
is  made  after  the  committee's  report  is  due  in  the  secretary's  office. 

In  the  event  of  a  vacancy  in  the  office  of  vice  chairman,  it  shall  be  the  duty  of  the 
Board  Committee  on  Personnel  to  fill  the  vacancy.  The  term  of  office  of  the  vice  chair- 
man so  appointed  shall  be  considered  as  having  started  as  of  the  end  of  the  immediately 
preceding  convention  if  the  appointment  is  made  prior  to  the  time  the  committee's  report 
is  due  in  the  secretary's  office,  and  as  becoming  effective  as  of  the  end  of  the  next 
convention  if  the  appointment  is  made  after  the  committee's  report  is  due  in  the  secre- 
tary's office. 

Committee  Secretary 

Any  chairman  may  appoint  a  secretary  with  duties  usually  encompassed  by  such 
office. 

Size  of  Committees* 

The  total  membership  of  any  committee  shall  be  limited  to  70,  including  Members, 
Associates,  and  Junior  Members,  but  not  counting  retired  members,  even  though  gain- 
fully employed.f 

In  determining  the  membership  of  a  committee,  railroads  having  no  more  than  SO 
Association  members  may  have  not  more  than  2  members  on  any  committee;  railroads 
having  51  to  100  members  may  have  not  more  than  3  members  on  any  committee; 
railroads  having  more  than  100  members  may  have  not  more  than  4  members  on  any 
committee. 

No  college,  university  or  other  institution  of  learning  shall  have  more  than  2  mem- 
bers on  any  committee,  and  no  manufacturer  or  supply  company  or  other  organization 
shall  have  more  than  1   Member  or  Associate  member  on  any  committee. 

Retired  Members 

Members  who  have  retired  from  active  service  under  normal  retirement  procedure, 
regardless  of  whether  they  undertake  other  employment  (other  than  sales  to  the  rail- 
roads), may  serve  on  committees  and  subcommittees  a  maximum  of  three  years  fol- 
lowing retirement,  but  cannot  hold  the  office  of  chairman,  vice  chairman,  or  subcom- 
mittee chairman,  and  have  no  voting  rights  on  technical  matters.  Their  presence  on  the 
committee  roster  shall  not  be  counted  in  the  application  of  the  rules  affecting  the  total 
number  of  members  permitted  on  committees,  the  number  of  associates  permitted  on  B 
committee,  or  the  rules  having  bearing  upon  the  number  of  members  on  committee  per- 
mitted from  any  railroad,  supply  company,  or  other  organization.  Following  termination 
of  their  service  on  committees,  retired  members  may  continue  to  attend  committee  meet- 
ings as  "visitors"  subject  to  the  approval  of  the  commit  ice  chairman  involved 

Associate  Members* 

No  company  will  be  permitted  to  have  more  than  one  Associate  member  on  any 
committee,  and  company  representation  shall  not  necessarily  be  continuing.  However, 
in  the  event  that  a  railroad  member  on  a  committee  become-  i  with  a  manu- 

facturer  or   supply    company    (in    other   than    a   sales   capacity)    after   retirement    from 


*  In   applying  any  of   the  rule=   under   the  headings :   Qi/r  of   Commltta      tnd  A  Memben, 

see    paragraph'  under    heading     'Retired    Member-."    and    third    last    paragraph    under    headi 
Emeritu- ." 

mporary  exception  to  thi-  rule  was  authorized  by  ili<-  Board  ol   Direct!  n   h 
Committee  8     Masonry,  t"  absorb  memben  from  Comn  ooftng,  whl 

in    1961. 
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railroad  service  on  pension,  and  thus  automatically  becomes  an  Associate  member,  he 
shall  not  be  deprived  of  membership  on  the  committee  during  the  period  of  three  years, 
following  his  retirement  from  railroad  service.  As  regards  the  voting  rights  of  Associate 
Members  on  committees,  see  "Voting  in  Committees." 

The  membership  of  Associates  on  a  committee  shall  not  exceed  10  percent  of  the 
total  membership  of  the  committee,  except  as  may  be  occasioned  by  the  exception  pro- 
vided in  the  preceding  paragraph  or  the  exceptions  set  forth  under  "Retired  Members" 
and  "Member  Emeritus."* 

Member  Emeritus 

This  class  of  committee  membership  was  established  in  1953  in  order  to  permit 
recognition  of  long-sustained  meritorious  service  of  committee  members  to  committees, 
following  their  retirement. 

To  be  eligible  for  this  honor,  or  to  retain  this  honor,  a  member  must  be  in  good 
standing  in  the  Association  as  a  Member,  Honorary  Member,  Associate,  or  Life  Member, 
and  must  have: 

(a)  Retired  under  normal  retirement  procedure  from  active  service  in  the  company 
with  which  he  has  been  connected. 

(b)  Served  on  the  committee  at  least  10  years.  (Executive  secretary's  office  can 
furnish  service  record  on  any  retired  committee  member.) 

(c)  Rendered  outstanding  service  to  the  committee  over  a  period  of  years. 

(d)  Been  proposed  by  at  least  five  committee  members  in  writing  and  voted  the 
honor  by  a  two-thirds  affirmative  letter  ballot  of  all  members  of  the  committee,  includ- 
ing Associates,  retired  members  and  Junior  Members — the  letter  ballots  to  be  returnable 
to  the  executive  secretary's  office  within  60  days.  (Secretary's  office  can  furnish  sample 
type  letter  ballot) . 

The  number  of  such  members  permitted  on  any  committee  will  be  limited  to  five. 

Furthermore,  his  election  as  Member  Emeritus  must  be  affirmed  by  the  Board  Com- 
mittee on  Personnel  through  the  executive  secretary's  office. 

Having  been  elected  as  Member  Emeritus,  the  member's  name  will  continue  to  appear 
on  the  roster  of  the  committee,  and  he  will  have  all  rights  and  privileges  of  committee 
members  except  that  of  voting  on  technical  matters  (i.e.,  can  serve  on  subcommittees, 
should  he  desire,  in  order  that  the  committee  might  benefit  from  his  knowledge  and 
experience).  Likewise,  his  name  will  continue  to  be  shown  in  the  printed  roster  of  the 
committee  appearing  in  the  Bulletins  of  the  Association,  and  in  the  Assignments  Pam- 
phlets, in  each  case  suitably  designated  as  Member  Emeritus.  However,  the  names  of 
Members  Emeritus  will  not  be  designated  by  an  "E"  or  otherwise  in  the  alphabetical  list- 
ing, railroad  listing.  Honorary  Member  listing,  or  Life  Member  listing  in  the  March 
Bulletin. 

Members  Emeritus  will  not  be  counted  in  the  application  of  the  rules  affecting  the 
total  number  of  members  permitted  on  committees,  the  number  of  associates  permitted 
on  a  committee,  the  rules  having  bearing  upon  the  number  of  members  on  committees 
permitted  from  any  railroad,  supply  company,  or  other  organization,  or  the  number 
of  years  that  a  retired  member  may  serve  on  a  committee.  Any  Emeritus  title  will 
terminate  with  the  death  of  the  recipient,  or  in  the  event  of  the  termination  of  his  mem- 
bership in  the  Association  for  other  reasons. 


*  An   exception   to  this  general    10-percent   rule  was  authorized   by   the  Board  of   Direction   late   in 
1960   with    respect    to   Committee    18 — Electricity,   which   was  recreated   in    1961. 
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Nothing  in  these  rules  will  prevent  extending  the  honor  of  Member  Emeritus  to  a 
retired  committee  member  who  may  have  taken  up,  or  who  subsequently  takes  up,  other 
employment  following  his  official  retirement. 

Tangible  evidence  of  this  honor  will  be  given  to  those  so  named  in  the  form  of 
a  pocket  card,  similar  in  form  to  a  railroad  pass,  signed  and  sent  out  by  the  committee 
chairmen. 

"Guests"  and  "Visitors" 

The  previously  stated  rule  under  Committee  Personnel  Reorganized  Annually,  that 
"no  additions  to  the  personnel  of  committees  will  be  made  during  the  year  following;  the 
official  closing  of  committee  rosters,  October  1,  except  as  provided  for  under  the  rules 
applying  to  Guests,"  does  not  preclude  the  attendance  at  committee  meetings  of  other 
members  of  the  Association,  and  non-members  of  the  Association,  as  "Visitors,"  with  the 
approval  of  committee  chairmen. 

If  there  are  vacancies  on  a  committee  roster  after  the  official  closing  of  committee 
rosters  on  October  1,  (i.e.,  less  than  70),  or  if  vacancies  occur  during  the  following  year, 
or  are  definitely  in  prospect  at  the  end  of  that  year,  Association  members  (including 
Junior  members),  with  the  approval  of  committee  chairmen  and  the  Board  Committee 
on  Personnel,  can  be  appointed  as  "guests"  of  that  committee.  As  such,  they  may  attend 
committee  meetings  and  participate  in  the  committee's  activities,  unofficially,  looking 
to  becoming  regularly  assigned  members  at  the  beginning  of  the  next  Association  year 
(March). 

"Guests"  must  always  be  designated  as  such  on  the  rosters  maintained  by  the  com- 
mittees and  the  secretary's  office,  but  their  names  will  not  appear  in  published  com- 
mittee or  subcommittee  reports.  Creation  of  this  class  of  committee  affiliation  is  not 
intended  to  increase  the  size  of  any  committee  beyond  the  70  maximum  set  by  the  Board, 
but  rather  to  make  it  possible  to  add  to  "short"  rosters  between  official  roster  changes. 

Furthermore,  one  need  not  be  either  a  "regular  member"  or  a  "guest"  of  a  com- 
mittee to  attend  its  meetings  from  time  to  time.  With  the  approval  of  the  committee 
chairman,  who  must  be  consulted  as  regards  any  specific  meeting,  any  AREA  member 
(including  Junior  Members),  or  any  non-member  may  sit  in  on  the  meeting  as  a 
"visitor",  listen  to  all  deliberations  and  participate  in  discussions. 

Service  on  More  Than  One  Committee 

No  member  of  the  Association  shall  serve  on  more  than  one  committee,  except  that 
a  member  may  serve  on  two  committees  if  one  or  both  of  the  committees  arc  among  the 
following:  Committee  3 — Tics  and  Wood  Preservation;  Committee  '  Wood  Bridges 
and  Trestle.-;  Committee  IS— Electricity ;  Committee  -'0  Contract  Forms;  Committee 
24 — Cooperative  Relation-  with  Universities;  Committee  25  Waterways  and  Harbors; 
Committee  28 — Clearances;  Committee  30  [mpacl  and  Bridge  Sin--.-,  and  tin  S| 
Committee  on  Continuous  Welded  Rail. 

COMMITTEE  ORGANIZATION  AND  PROCEDURE 

Organizing  the  Committees 

The   new  assignments  and   personnel  of  committees  shall   become  effectivi    al   the 
close  of  the  annual  meeting  in  March.  However,  the  pamphlel  containing  this  inl 
tion  i-  issued  as  early  in  the  year  as  possible  in  order  thai  committees  maj  b 
ized  well  in  advance  of  the  annual  meeting   Usually  this  information  will  he  m 
able  to  the  chairmen  l>>    the  secretary's  office  in   tentative  form  al   leasl 
advance  of  distribution  of  the  pamphlet. 
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It  is  the  duty  of  the  committee  chairman  to  notify  new  members  promptly  of  their 
appointment  and  to  notify  old  members  of  their  reappointment  or  release.  It  is  also  his 
duty  to  reorganize  the  subcommittees  without  delay.  However,  in  the  Association  year 
in  which  his  term  as  chairman  expires,  he  should  call  on  his  successor  for  advice  and 
assistance  in  this  regard. 

Subcommittees 

In  general,  the  committees  are  organized  to  conduct  their  work  by  the  appointment 
of  one  subcommittee  for  each  subject  assignment.  If  deemed  advisable,  any  subject  may 
be  subdivided  into  several  parts  and  a  separate  sub-subcommittee  assigned  to  each  part. 

Subcommittee  chairmen  should  make  a  report  on  the  status  of  their  work  at  each 
committee  meeting.  If  they  cannot  be  present  at  any  meeting,  they  should  submit  such 
report  to  the  chairman  in  writing,  to  be  read  to  the  meeting,  or  should  arrange  for 
some  member  of  their  subcommittee,  or  of  the  AAR  research  staff  to  report  for  the 
subcommittee.  This  rule  should  be  followed  even  though  the  subcommittee  has  little  or 
nothing  to  report  at  any  particular  meeting. 

Organization  Charts 

The  chairman  shall  furnish  the  executive  secretary  of  the  Association  two  copies  of 
the  organization  chart  (schedule  of  subcommittee  assignments  and  personnel)  of  his 
committee,  and  shall  advise  him  currently  of  any  subsequent  revisions  thereof.  This  chart 
may  be  in  the  form  regularly  used  by  committees,  but  should  not  be  in  the  form  of  a 
blueprint,  on  which  it  is  difficult  to  make  corrections.  White  prints  are  acceptable.  These 
charts  should  be  in  the  hands  of  the  executive  secretary  by  February  1,  and  should  be 
prepared  with  the  greatest  care  to  insure  the  accuracy  of  initials  and  names. 

The  names  of  "guest"  members  on  committees,  if  any,  (not  "visitors")  should  appear 
on  the  charts,  but  should  be  clearly  designated  as  such.  These  names  may  be  arranged 
either  alphabetically  among  the  members  or  grouped  at  the  bottom  of  the  chart  as 
desired  by  the  various  committees.  Names  of  "visitors"  should  not  appear  on  or  be 
subsequently  added  to  these  charts.  Charts  should  also  list  (a)  names  of  all  committee 
members  who  are  collaborators  with  other  AREA  committees  and  other  organizations, 
and  (b)  separately,  the  names  of  all  non-members  of  the  committee  who  are  collabora- 
tors from  other  AREA  committees  and  other  organizations. 

Handbook  for  Committee  Chairmen 

For  the  assistance  and  guidance  of  committee  chairmen  in  the  conduct  of  their 
committee  work,  the  Association  has  published  a  small  mimeographed  "Handbook  for 
Committee  Chairmen",  which  contains  the  following  material: 

Procedures  that  Can  Be  Adopted  by  Committee  Chairmen  to  Stimulate  the 
Most  Effective  Committee  Work. 

Procedures  Designed  to  Expedite  the  Conduct  of  Committee  Meetings, 
Stimulate  Greater  Interest  in  Them,  and  Produce  the  Most  Effective  Results. 

Report  of  a  Well   Conducted   Committee  Meeting. 

Copies  of  this  handbook  are  available  to  committee  chairmen  from  the  executive 
secretary's  office. 

Voting  in  Committees 

Voting  in  committees  and  subcommittees  on  all  Association  matters  shall  be  the 
prerogative  of  active  Members  only,  except  that  retired  Members,  Associates,  and  Juniors 
may  vote  on  matters  of  a  social  nature  or  on  ballots  for  Member  Emeritus  of  the 
committee. 


Information    for    Committees 

COMMITTEE  AND  SUBCOMMITTEE   MEETINGS 

Location  and  Number 

Most  committees  find  it  possible  to  conduct  their  work  effectively  with  a  maximum 
of  three  meetings  each  year.  While  these  meetings  can  be  held  at  any  time  to  fit  in  best 
with  the  work  of  each  committee,  the  trend  in  recent  years  has  been  for  committees  to 
hold  their  first  (organization)  meeting  each  year  in  January  or  February  in  order  to 
get  an  early  start  on  their  new  year's  work,  and  not  wait  until  after  the  annual  con- 
vention in  March.  However,  concurrent  or  overlapping  committee  meetings  are  unde- 
sirable from  the  standpoint  that  they  may  draw  several  key  personnel  from  the  same 
railroad  at  the  same  time,  or  otherwise  adversely  affect  the  attendance  at  the  committee 
meeting.  Accordingly,  before  committees  decide  definitely  on  meeting  dates  and  send 
out  notices  thereof,  they  should  clear  these  dates  with  the  secretary's  office. 

Subcommittee  meetings  can  likewise  be  held  whenever  desired,  either  independent 
of  full  committee  meetings  or  in  conjunction  therewith.  The  latter  plan  has  the  advan- 
tage of  minimizing  travel  time  and  possibly  total  time  away  from  members'  offices. 
Where  subcommittee  meetings  are  held  in  conjunction  with  general  committee  meetings, 
they  may  be  held  immediately  before  or  after  such  meetings,  or  during  such  meetings 
if  desirable,  in  recesses  specifically  called  by  the  committee  chairman  for  this  purpose. 

During  1960  the  Board  of  Direction  issued  the  following  summary  of  committee 
meeting  rules — which  continue  in  effect — to  give  emphasis  to  the  desirability  of  mini- 
mizing the  expense  and  off-the-job  time  of  committee  members  in  attending  committee 
meetings: 

Limit  the  number  of  meetings  held  by  committees  to  the  absolute  minimum  con 
sistent  with  carrying  out  their  work. 

Require  the  holdings  of  such  meetings,  to  the  fullest  extent  possible,  at  points  most 
convenient  to  the  majority  of  members. 

Restrict  the  length  of  meetings  to  one  day  whenever  possible. 

Eliminate  committee  inspection  trips  except  those  essential  to  the  work  ol  com 
mittees. 

Schedule  meetings  so  as  to  minimize  the  off-the-job  time  of  members. 

The  Association  has  no  funds  to  defray  the  cost  of  meeting  rooms.  Therefore,  com 
mittees  should  hold  meetings  where  no  charge  is  made  for  such  rooms,  or  to  work  out 
some  other  arrangement  agreeable  to  members  of  the  committee.* 

Notices  and  Minutes 

Committee  chairmen  shall  send  out,  or  arrange  to  have  sent  out,  well  in  advance 
of  meetings,  copies  of  notices  of  all  committee  meetings  to  both  committee  members 
and  collaborators.  Two  copies  of  all  such  notices  should  be  sent  to  the  secretary's  office 
as  early  as  possible  for  publication  of  meeting  dates  and  places  in  the  AREA  New-  In 
this  latter  regard,  and  especially  if  mailing  of  official  notices  is  to  be  delayed,  chairmen 
should  give  the  secretary's  office  advance  information  about  meetings,  if  possible.  It 
should  be  kept  in  mind  that  the  deadline  for  material  for  any  issue  of  the  News  is  the 
twentieth  day  of  the  month  immediately  preceding  the  date  of  issue. 

•  Conference  Rooms  1218  and  707  at  AREA  headquarters  in  Chicago,  which  «ill  accontnv 
and  40  people,  respectively,  are  available  for  committee  meetings  i"  t M « •  extenl  thai  thei   havi 
already  committed  for  cither  use,  Conference  K< »im   [203  al   Association  headquarters,  which  will 
modate  8  t"  10  persons,  is  .il-"  available  for  subcommittee  meetings,  The  Conl  it  the    \  \l< 

Research  Center,  3140  South   Federal  St.,  Chicago,  which  »ill  accommodate  up 
able  for  committee  meetings     Arrangements  foi   the  use  of   Rooms    1218    MM  and   1203   mould  ! 
through   the  secretary's  office.    Fur  the  use  of   the  Conference   K""in   at   Ihe   Research   Cei 
mints  should   be   made  through   the  office   "i    < i.   M.    Magee,   directoi   "i   engJneerini  >'    ihr 

Rl    .  n,  li    ( 'niter 
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Meeting  notices,  generally,  should  include  or  be  accompanied  by  an  agenda,  prefer- 
ably in  timetable  order,  for  the  benefit  of  any  members  who  may  not  be  able  to  be  in 
attendance  the  full  time  of  any  meeting.  They  should  also  include  as  much  information 
as  possible  relative  to  any  inspection  trips  or  other  features  planned. 

Minutes  of  all  committee  meetings  should  be  prepared  as  soon  as  possible  following 
meetings,  and  copies  should  be  sent  to  all  committee  members  and  collaborators — with 
two  copies  to  the  secretary's  office. 

Reporting  on  Inspection  Trips 

In  order  that  highlights  of  all  committee  inspection  trips  may  be  published  in  the 
News,  committee  chairmen  should  send  detailed  information  concerning  such  trips  to  the 
secretary's  office,  or  arrange  to  have  such  information  sent,  as  soon  as  possible  after  the 
completion  of  such  trips,  keeping  in  mind  that  the  deadline  for  news  to  appear  in  any 
issue  of  the  News  is  the  twentieth  day  of  the  month  preceding  the  date  of  issue. 

Included  among  details  furnished  should  be  the  name  of  the  host  or  hosts  (com- 
panies or  company  representatives)  on  the  occasion,  the  facilities  or  operations  observed, 
and  separately,  the  number  of  members  and  guests  who  participated. 

COLLABORATION 

Between  AREA  Committees  and  with  AAR  Committees 

Subjects,  the  nature  of  which  clearly  indicates  the  possibility  of  overlapping  interest 
of  two  or  more  AREA  committees,  or  the  interest  of  committees  of  other  groups  with 
which  the  Association  has  agreed  to  collaborate,  carry  an  appended  clause  reading: 
"collaborating  with  "  It  is  the  duty  of  the  chairmen  of  sub- 
committees having  an  assignment  carrying  this  instruction  to  take  the  initiative  in  effect- 
ing such  collaboration — by  arranging  for  the  appointment  of  a  representative  of  the 
other  interested  group,  should  such  be  mutually  decided  as  desirable,  or  by  setting  up 
an  arrangement  whereby  the  collaborating  group  will  review  and  criticize  any  reports 
submitted  to  it.  If  a  representative  or  collaborator  is  appointed,  he  should  be  kept  fully 
advised  of  all  activity  of  the  subcommittee  involved.  Regardless  of  whether  the  assign- 
ment specifically  mentions  collaboration,  committees  should  be  on  the  alert  to  obtain 
the  advice  and  assistance  of  other  AREA  committees  or  interested  groups  in  dealing  with 
any  subject  that  imposes  any  questions  of  possible  overlapping  interest  or  responsibility. 

The  reports  of  subcommittees  involving  collaboration  should  be  submitted  to  col- 
laborators or  collaborating  groups  whether  they  are  for  information  only  or  involve 
specifications  or  recommended  practice,  and  should  be  submitted  as  far  in  advance  of 
filing  date  as  possible.  If  they  cannot  be  submitted  prior  to  the  committee's  filing  date 
for  any  reason,  they  should  be  submitted  as  soon  thereafter  as  possible,  and  in  any 
event  prior  to  the  annuail  meeting,  so  that  if  the  collaborators,  or  the  groups  they  repre- 
sent, desire  to  comment  thereon  or  to  take  exception  thereto  in  any  respect,  such  can 
be  done  in  writing  to  the  committee  chairman  or  subcommittee  chairman  involved  prior 
to  the  annual  meeting,  or  in  written  or  oral  form  at  the  annual  meeting. 

A  committee  undertaking  revision  of  its  Manual  chapter  should  request  collaboration 
of  any  committee  that  participated  in  the  original  development  and  adoption  of  the 
material  under  revision.  The  executive  secretary  of  the  Association  will  provide  informa- 
tion concerning  such  previous  collaboration. 

If  an  AREA  committee  or  subcommittee  is  asked  to  collaborate  with  another  AREA 
committee,  or  with  committees  of  any  of  the  sections  or  divisions  of  the  AAR,  it  shall 
appoint  a  representative  to  implement  this  collaboration,  if  such  is  mutually  decided  as 
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desirable,  or  it  should  agree,  without  a  specific  collaborator,  to  review  and  criticize  any 
reports  submitted  to  it.  Committee  members  appointed  to  collaborate  with  any  other 
AREA  or  AAR  committees  should  report  currently  to  their  own  committees  on  any 
matters  of  interest  resulting  from  the  collaboration. 

The  names  of  all  collaborators,  whether  to  or  from  a  committee,  should  be  shown 
separately  on  the  committee's  organization  chart,  as  set  forth  under  "Organization 
Chart." 

With  Other  Organizations 

Many  AREA  committees  appoint  from  their  membership  representatives  to  serve 
as  collaborators  on  committees  of  the  American  Standards  Association,  the  American 
Society  for  Testing  Materials,  the  American  Concrete  Institute,  or  other  outside  organ 
izations,  these  representatives  acting  either  directly  for  the  AREA  committees  or  in  behali 
of  the  Association  of  American  Railroads  which  may  hold  membership  in  the  organ- 
izations involved.  In  all  such  cases,  representation  in  these  other  organizations,  either 
initiaJly  or  otherwise,  is  handled  through  the  AREA  executive  secretary's  office.  Thus 
AREA  committee  nominations  for  representatives  on  these  outside  committees,  or  for 
changes  in  representatives,  are  made  through  the  executive  secretary's  office,  which  trans- 
mits the  nominations  to  the  organizations,  secures  their  acceptance,  notifies  those  inter- 
ested, and  makes  official  record  thereof. 

Beyond  this  point  the  representatives  carry  on  their  collaboration  independent  of 
the  executive  secretary's  office,  but  each  AREA  committee  should  keep  on  its  organiza- 
tion chart  a  record  of  all  of  the  organizations  with  which  it  collaborates,  and  the 
names  of  its  collaborators,  as  set  forth  under  "Organization  Chart". 

Committee  members  appointed  to  collaborate  with  other  organizations  should  report 
currently  to  their  own  committees  on  any  matters  of  interest  resulting  from  the 
collaboration. 


WORK  OF  THE  COMMITTEES 
Objectives 

The  objectives  of  the  Association  are  advanced  through  the  work  of  the  committees 
in  two  ways — (1)  the  development  of  useful  information  pertinent  to  their  assignment 
to  be  presented  to  the  Association  "as  information,"  and  (2)  the  formulation  of  recom- 
mended practices  to  be  submitted  for  adoption  and  publication  in  the  Manual. 

Planning  the  Work 

In  pursuing  the  work  on  any  assignment,  the  first  step  is  necessarily  one  of  fact 
finding,  including  (a)  a  study  of  available  literature  on  the  subject,  particularly  reports 
of  previous  investigations,  (b)  a  compilation  of  current  practice,  especially  recent  changes 
in  practice,  and  (c)  resort  to  original  tests  or  experimentation,  after  a  canvass  of  all 
other  sources  of  information  indicates  that  research  work  is  necessary. 

Collection  of  Data 

Committees   are   privileged   to   obtain   data   or   information   in   any    proper    M 
desired,  the  executive  secretary  will  mail  circulars  of  inquiry,  or  questionnaires,  p 
by  committees.  Where  sufficient  information  can  be  secured  from  members  of  the 
mittee,  they  alone  should  receive  letters  of  inquiry  or  questionnaires    Where  a  broader 
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representation  of  railroads  is  necessary  or  desirable,  such  letters  of  inquiry  or  question- 
naires may  be  sent  to  the  appropriate  officer  within  the  engineering  and  maintenance 
of  way  departments  of  selected  additional  roads  or  of  all  AAR  Member  Roads. 

Onily  in  special  cases  should  communications  of  any  kind  be  sent  to  officers  in  other 
than  the  Engineering  and  Maintenance  of  Way  Departments  (presidents  or  chief  executive 
officers,  chief  operating  officers,  chief  mechanical  officers,  etc.),  and  then  only  over  the 
signature  of,  or  with  the  explicit  permission  of,  the  heads  of  the  appropriate  AAR 
department,  division  or  section,  such  to  be  arranged  for  through  the  executive  secretary's 
office. 

Circulars  of  inquiry  or  questionnaires  should  be  brief  and  concise ;  the  questions 
contained  therein  should  be  specific  and  pertinent,  and  not  of  such  general  or  involved 
character  as  to  preclude  the  possibility  of  obtaining  satisfactory  and  prompt  response; 
should  specify  to  whom  answers  are  to  be  sent;  and  should  be  furnished  in  duplicate 
so  that  a  copy  can  be  retained  by  persons  replying. 

Research 

It  is  primarily  the  responsibility  of  Subcommittee  A  of  each  committee  to  bring 
together  recommendations  for  further  study  and  research  on  the  part  of  the  committee, 
based  upon  suggestions  received  from  other  members  of  the  Association,  or  as  the  resudt 
of  its  own  observations  within  or  without  the  railroad  industry.  Any  recommendations 
for  assignments  in  the  following  year  which  call  for  research  appropriations  should  be 
processed  with  the  committee  early  in  the  Association  year,  beginning  with  the  close 
of  the  annual  meeting  in  March,  in  order  that  any  proposal  for  research  approved  by 
the  committee,  can  be  in  the  hands  of  the  director  of  engineering  research,  AAR,  with 
copy  to  the  executive  secretary,  AREA,  by  July  1.  These  recommendations  must  be 
accompanied  by  a  supporting  statement  setting  forth:  (a)  the  nature  of  the  informa- 
tion sought;  (b)  how  the  railroads  are  adversely  affected  by  the  lack  of  this  informa- 
tion; (c)  the  estimated  cost  of  the  investigation;  (d)  the  estimated  time  to  complete 
the  work;  (e)  the  basis  for  assuming  that  the  investigation  will  produce  the  data 
desired;  and  (f)  an  estimate  of  the  savings  to  be  realized  or  other  advantages  to  accrue 
from  the  successful  completion  of  the  investigation.  A  request  for  funds  to  continue  or 
complete  an  investigation  shall  include  also  a  statement  of  the  results  obtained  to  date. 

Maintaining  Manual  Up  to  Date 

Each  committee  shall  critically  review  the  material  in  its  chapter  of  the  Manual  at 
such  intervals  as  to  insure  that  it  is  kept  up  to  date.  It  shall  resubmit  all  Manual 
material  for  revision  or  reapproval  at  intervals  of  not  more  than  10  years.  This  rule, 
however,  is  not  intended  to  encourage  the  reapproval  of  documents  only  at  10-year 
intervals.  On  the  contrary,  and  especially  since  each  document  in  the  Manuail  carries  a 
reapproval  line  under  its  heading,  committees  are  urged  to  recommend  the  reapproval 
of  documents  each  time  that  revisions  (major  or  minor)  are  proposed,  using  some  such 
wording  as  "Reapprove  with  the  following  revisions".  If  such  reapproval  is  not  requested 
specifically  when  revisions  are  recommended,  the  document  will  continue  to  carry  its 
previous  adoption  or  reapproval  line. 

However,  since  two  or  more  sheets  must  be  issued  in  a  Supplement  every  time  a 
document  is  reapproved  without  revisions,  to  correct  the  document  date  and  the  contents 
page  or  pages,  it  is  recommended  that,  in  the  interest  of  avoiding  unnecessary  printing 
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costs,  documents  which  do  not  require  revisions  should  not  be  offered  for  reapproval 
at  intervals  of  less  than  8  or  10  years. 

Group  Revisions  in  Specific  Years 

While  it  is  a  healthy  situation  for  committees  to  be  constantly  on  the  alert  to 
improve  their  respective  documents  in  the  Manual,  and  while  some  revisions  in  Manual 
material  will  be  of  a  character  that  will  require  that  they  be  made  at  the  earliest  possible 
date,  many  changes  will  be  of  an  editorial  or  less  important  character  and  will  not 
demand  that  they  be  made  immediately. 

Accordingly,  in  the  interest  of  economy,  committees  should,  so  far  as  possible, 
group  their  revisions  in  any  specific  document,  or  anywhere  in  their  respective  chapters, 
looking  to  submitting  them  as  a  group  at  intervals  of  two  or  three  years  or  more,  rather 
than  separately  year  after  year — thus  avoiding  the  necessity  for  reissuing  the  same  Manual 
pages,  including  contents  pages,  in  successive  years,  to  the  greatest  extent  possible. 


NATURE  AND  PREPARATION  OF  REPORTS 

Form  of  Report 

It  is  important  that  committee  reports  be  prepared  in  accordance  with  the  following 
instructions  pertaining  thereto,  and  the  Style  Standards  for  committee  reports,  as  detailed 
on   following  pages  in   this  pamphlet. 

At  Least  Brief  Progress  or  Status 
Statements  to  Be  Made  on  All  Assignments 

Committees  should  pursue  their  investigations  on  all  assignments,  but  are  expected 
to  present  detailed  progress  or  final  reports  for  publication  only  on  assignments  with 
respect  to  which  pertinent  information  has  been  developed.  However,  with  respect  to 
all  other  assignments  each  year,  the  report  of  a  committee  shall  include  for  each  a  briel 
statement  as  to  the  progress  which  has  been  made  on  it  during  the  year,  or  in  the 
event  that  no  progress  has  been  made,  a  brief  statement  as  to  the  status  of  the  project. 
These  brief  statements,  which  are  intended  to  be  informative  to  those  interested  in  any 
specific  subject  in  a  year  when  no  detailed  report  can  be  made,  may  be  confined  to  as 
few  as  one  or  two  sentences,  which  may  be  entirely  adequate.  In  such  cases,  the  stab 
ment  should  appear  directly  under  the  title  of  the  assignment  as  listed  in  the  chairman's 
introductory  statement  to  the  committee  report  as  a  whole,  instead  of  the  words  used 
previously,  "No  report",  or  "Progress  in  study,  but  no  report".  On  the  othei  hand,  it 
these  "progress"  or  "status"  statements,  in  order  to  be  adequate  to  the  situation,  neces 
sarily  exceed  70  words,  they  should  be  presented  in  the  usual  manner  as  a  subcom- 
mittee report,  with  assignment  heading  and  subcommittee  personnel.  In  such  cases,  the 
chairman's  introductory  statement  should  show,  for  the  assignments  in  question,  "Briel 
progress  statement",  and  the  page  number,  or  "Brief  status  statement",  and  the  page 
number,  as  the  case  may  be. 

Reports  on  Assignment  A  should  not  be  submitted  for  publication. 

Reports  on  Assignment  A 

In  the  case  of  Assignment  A — Recommendations  for  further  study  and  research,  two 
reports  on  recommendations  shall  be  made  to  the  committee  each  year;   (1)  early  in  the 
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Association  year  with  respect  to  any  proposed  new  assignments  involving  appropriations 
for  the  conduct  of  research  work,  as  set  forth  in  detail  under  "Research",  on  page  17; 
and  (2)  ilate  in  the  summer  or  early  fall,  covering  recommendations  with  respect  to  new 
assignments  for  study  which  do  not  call  for  research  appropriations.  This  latter  report 
should  also  include  recommendations  as  to  whether  any  existing  assignments  can  be,  or 
should  be,  discontinued.  Neither  of  the  reports  on  Assignment  A  will  be  presented  in  the 
Bulletins  of  the  Association,  or  orally  at  conventions. 

Information  Reports  or  Recommended  Practice 

Whether  the  report  on  any  particular  assignment  should  take  the  form  of  "informa- 
tion" or  a  "recommended  practice,"  depends  largely  on  the  nature  of  the  assignment. 
Some  assignments  will  be  fulfilled  completely  by  the  presentation  of  information ;  others 
call  for  information  in  support  of  appended  recommendations  that  are  submitted  for 
adoption.  In  still  other  cases,  the  primary  objective  is  a  comprehensive  statement  of 
recommended  practices,  but  the  development  of  these  recommended  practices  may  entail 
investigation  or  research  work,  the  results  of  which  are  of  such  importance  as  to  warrant 
their  presentation  as  information  prior  to  the  submission  of  the  recommendations.  In 
some  cases,  it  may  be  advisable  to  submit  materiail  in  the  form  of  recommended  practice, 
but  as  information  only,  with  a  view  to  inviting  suggestions  and  criticism  that  may  serve 
as  the  basis  for  revisions  prior  to  the  resubmission  of  the  material  for  adoption  at  a 
later  date.  This,  however,  is  not  mandatory. 

When  the  work  has  been  completed  on  any  assignment,  the  committee  should  request 
of  the  Board  Committee  on  Assignments  that  the  assignment  be  discontinued.  Its 
last  report  on  such  an  assignment  should  be  designated  as  "final  report"  only  when  the 
committee  does  not  contemplate  further  study  of  the  subject  in  the  near  or  foreseeable 
future;  otherwise,  the  report  should  be  designated  as  a  "progress  report",  with  the  recom- 
mendation that  the  subject  be  discontinued  until  there  are  further  developments. 

Writing  of  Committee  Reports* 

Many  progress  or  finail  reports,  whether  based  on  research  or  other  investigation, 
best  lend  themselves  to  written  presentation  in  orderly  sequence  or  chronological  arrange- 
ment, ending  with  any  conclusions  or  recommendations  which  may  have  been  arrived  at. 
However,  in  most  cases,  and  especially  in  the  case  of  long  reports,  to  conserve  the  time 
of  members  who  may  or  may  not  be  interested  in  the  details  of  the  study  involved,  it  is 
recommended  that  reports  be  introduced  with  a  brief  highlight  summary  statement 
of  the  background,  purpose  and  extent  of  the  study,  as  may  be  desirable,  and  including 
a  synopsis  of  any  conclusions,  recommendations  or  other  results — this  (latter  material 
to  supplement  a  more  detailed  presentation  elsewhere  in  the  reports. 

Reports  of  information,  supplementing  previous  reports  of  progress,  should  make 
reference  to  the  previous  reports  by  Proceedings  volumes,  year  and  page  number,  and 
may  include  a  brief  review  of  material  previously  presented,  but  should  avoid  extended 
repetition  of  such  material. 

Use  of  Trade  Names 

Committee  reports  which  are  based  upon  physical  research  or  field  tests  carried  out 
by  or  through  the  research  staff  of  the  Engineering  Division,  AAR,  may  use  trade  names 
or  manufacturers'  names  in  referring  to  products,  machines,  devices  or  processes  under 
test,  in  accordance  with  rules  in  effect  with  the  AAR  Engineering  Division  research  staff. 


See  also  Style  Standards  for  Committee  Reports. 
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No  other  committee  reports,  however,  shall  contain  the  trade  names  of  products,  machines, 
devices  or  processes,  nor  the  names  of  manufacturers,  in  either  text  or  cut  captions,  unless 
in  each  instance  approval  is  secured  from  the  Board  Committee  on  Publications  prior 
to  the  publication  of  the  reports.  To  seek  such  approval,  a  committee  must  submit  five 
copies  of  the  report  in  question  to  the  executive  secretary's  office,  for  transmission  to  the 
members  of  the  Board  Committee,  six  weeks  prior  to  the  scheduled  filing  date  of  the 
report.  If  time  does  not  permit  a  ruling  upon  the  request  of  the  committee  prior  to  the 
publication  date  of  the  report  in  question,  the  report  of  the  committee  must  either  be 
altered  to  eliminate  the  trade  names  or  terms  involved,  or  be  withdrawn,  at  the  discre- 
tion of  the  committee  which  prepared  it. 

Trade  or  manufacturers'  names  are  not  to  be  used  anywhere  in  the  Manual  of  Rec- 
ommended Practice,  the  Portfolio  of  Trackwork  Plans,  the  Handbook  of  Instructions  for 
Care  and  Operation  of  Maintenance  of  Way  Equipment,  or  other  comparable  publications 
of  the  Association. 

Illustrations  in  Committee  Reports 

Committees  may  use  illustrations  within  their  reports,  both  photographs  and  line 
drawings,  to  the  extent  necessary  to  enhance  the  value  of  their  reports,  or  to  preclude 
detailed  descriptions  or  the  presentation  of  detailed  data  which  would  otherwise  be 
required.  For  the  physical  requirements  of  such  illustrations,  see  "Illustrations"  under 
Style  Standards.  No  illustrations,  within  themselves,  shall  show  trade  or  manufacturers' 
names;  neither  shall  the  captions  for  such  illustrations  use  trade  or  manufacturers'  names, 
without  prior  approval  on  the  part  of  the  Board  Committee  on  Publications,  as  is  set 
forth  under  "Use  of  Trade  Names". 

Nature  of  Manual  Material* 

The  material  adopted  by  the  Association  for  publication  in  the  Manual  shall  be 
considered  Recommended  Practice,  but  shall  not  be  binding  on  the  members.  Recom- 
mended Practice,  as  defined  by  the  Board  of  Direction  (May  20,  1936)  is  a  material, 
device,  plan,  specification  or  practice  recommended  to  the  railways  for  use  as  required, 
either  exactly  as  presented  or  with  such  modifications  as  may  be  necessary  or  desirable 
to  meet  the  needs  of  individual  railways,  but  in  either  event,  with  a  view  to  promoting 
efficiency  or  economy,  or  both,  in  the  location,  construction,  operation  or  maintenance 
of  railways. 

Printing  of  Manual  Material* 

Material  offered  for  adoption  and  publication  in  the  Manual,  except  as  noted  herein, 
should  be  submitted  in  full,  regardless  of  its  publication  in  previous  years,  unless  the 
material  in  question  appeared  in  substantially  identical  form  not  more  than  one  year 
before  being  submitted  for  adoption.  Such  material  shall  appear  in  the  report  of  the 
committee  that  is  published  not  less  than  30  days  before  the  annual  meeting  at  which 
it  is  to  be  presented.  Recommended  revisions  of  Manual  material,  if  extensive,  shall 
include  only  the  proposed  material,  which  shall  be  printed  in  full  in  the  report  of  the  com- 
mittee. Manual  material  recommended  for  reapproval,  or  for  deletion,  shall  be  presented 
by  title  and  page  reference  only.  Likewise,  plans,  specifications  or  other  documents  of 
other  organizations  recommended  for  adoption  by  the  AREA  shall  be  presented  by  title 
and  serial  designation  only,  e.g.,  current  ASTM  specifications,  designation  D  17. 


Same  applies  to  Portfolio  of  Trackwork  Plans. 
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When  entirely  new  material  is  offered  for  inclusion  in  the  Manual,  the  committee 
sponsoring  it  should  state  specifically  in  its  report  the  exact  location  the  material  is  to 
have  in  the  Manual. 

Letter  Ballot  Required  of  Committee* 

Any  action  recommended  by  a  committee  with  respect  to  the  adoption,  revision, 
reapproval  or  withdrawal  of  Manual  material  must  have  received  prior  endorsement 
by  the  committee  in  the  form  of  an  affirmative  vote  of  two-thirds  of  the  voting  mem- 
bership of  the  committee,  such  vote  to  be  taken  by  letter  ballot.  Associates,  Junior 
members,  Members  Emeritus,  and  retired  members  on  a  committee  are  not  entitled  to 
vote.  Letter  ballot  of  a  committee  on  Manual  material  shall  be  taken  only  after  approval 
of   the  material  for  submission  to  letter  ballot  at  a  regular  meeting  of  the  committee. 

It  is  imperative  that  committee  members  promptly  consider  and  vote  on  all  letter 
ballots,  seeking  the  advice  of  other  committee  members  or  specifically  qualified  officers 
on  their  own  roads  if  in  doubt  as  to  whether  to  vote  for  or  against  a  proposal. 

If  a  member  votes  in  the  negative  on  any  Manual  proposal,  it  is  encumbent  upon 
him  to  state  the  reason  or  reasons  therefor. 


PUBLICATION  OF  REPORTS 
Dates  for  Filing  Complete  Committee  Reports 

To  insure  the  orderly  publication  of  the  reports  in  the  four  winter  Bulletins  of  the 
Association — November-February,  incl. — in  accordance  with  a  predetermined  schedule,  it 
is  necessary  that  chairmen  file  complete  reports  with  the  executive  secretary  of  the  Asso- 
ciation on  or  before  the  dates  specified  in  the  Committee  Assignments  for  Study  and 
Research  pamphlet. 

Reports  to  be  published  in  the  September-October  issue  of  the  Bulletin  shall  be 
submitted  in  the  same  manner  by  committee  chairmen,  or  by  members  of  the  AAR 
research  staff  in  their  behalf,  as  other  reports,  on  a  schedule  worked  out  with  the  secre- 
tary's office. 

The  manuscript  of  the  report  must  be  furnished  in  duplicate,  preferably  double  spaced. 
Piecemeal  filing  of  reports  by  subcommittee  chairmen  is  permissible  only  under  special 
arrangement  (in  writing)  with  the  executive  secretary  of  the  Association. 

The  regular  annual  reports  of  committees — to  appear  in  the  winter  Bulletins  of  the 
Association — must  in  each  case  include  an  introductory  statement,  or  committee  chair- 
man's report,  embodying  the  personnel  and  list  of  assignments  of  the  committee,  as  set 
forth  under  Style  Standards  for  Committee  Reports,  pages  24   to  27,  incl. 

Portrait  Photographs  of  Committee  Chairmen 

During  his  first  year  as  chairman,  each  chairman  must  furnish  the  secretary's  office 
a  portrait  photograph  of  himself  to  be  used  with  the  reports  of  his  committee  as  pub- 
lished in  the  Bulletins  and  Proceedings  while  he  is  chairman.  If  this  has  not  been  done 
prior  to  the  filing  of  the  committee's  report,  it  must  be  done  at  that  time.  The  photograph 
furnished  need  be  of  no  special  size,  but  should  be  black  and  white,  clear,  and  an  acceptable 
likeness  of  the  chairman.  These  photographs  will  be  returned  to  chairmen  upon  request. 


*  Same  applies  to  Portfolio  of  Trackwork  Plans. 
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PRESENTATION  OF  REPORTS  AT  ANNUAL  MEETINGS 

Presentation  of  Reports 

Reports  offered  as  information  should  be  presented  by  title  or  by  a  brief  highlight 
outline  of  the  contents.  Material  submitted  for  adoption  and  publication  in  the  Manual* 
may  be  presented  by  reading  the  title  and  subtitles,  but  the  presiding  officer  may,  upon 
request,  authorize  the  reading  of  specific  portions  of  the  material  being  offered. 

Since  both  the  degree  of  effectiveness  with  which  a  report  is  received  by  those 
assembled  in  annual  convention,  and  the  accuracy  with  which  it  can  be  reported  in  the 
Proceedings,  depend  upon  the  clarity  with  which  the  oral  presentation  is  made  to  the 
meeting,  it  is  desirable  that  committee  members  write  out  and  read  their  presentations, 
and  that  they  speak  directly  and  distinctly  into  the  microphone  at  the  rostrum,  raising 
or  lowering  the  microphone  as  may  be  necessary  to  that  end.  In  the  event  that  written 
presentations  are  read,  a  copy  of  such  presentations  should  be  given  to  the  executive 
secretary  or  to  the  convention  reporter  before  the  speaker  leaves  the  rostrum. 

Visual  Presentations 

The  use  of  illustrations  in  the  form  of  slides,  motion  pictures,  etc.,  as  a  part  of  or  in 
conjunction  with  committee  presentations,  whether  reports  or  special  features,  shall  be 
governed  by  the  following  rule: 

Films**  produced  by  supply  companies,  manufacturers,  and  supply  organizations 
depicting  their  products  or  services  in  any  form  are  not  to  be  used  in  connection  with 
committee  presentations,  either  supplementing  committee  reports  or  as  special  features, 
at  annual  meetings,  and  the  use  of  trade  association  films  is  not  encouraged.  However, 
under  special  conditions,  where  a  committee  desires  to  use  a  trade  association  film  in 
connection  with  its  presentation,  the  matter  must  be  referred  to  the  Board  Committee 
on  Publications  for  approval,  through  the  executive  secretary's  office,  by  January  1  of 
the  year  inquestion,  in  order  that  a  ruling  may  be  secured  prior  to  the  publication  of  the 
convention  program  in  the  AREA  News.  Trade  association  films  to  be  considered  under 
this  rule  must  be  of  an  educational,  rather  than  of  a  sales-promotion  type,  must  make 
no  direct  or  indirect  comparisons  with  other  products  or  services,  and  may  make  refer- 
ence to  the  associations  which  produced  them  in  only  an  innocuous  way. 

Oral  Discussions 

Comments  on  or  criticisms  of  any  report  may  be  offered  from  the  floor.  When 
necessary  to  insure  accuracy,  or  upon  request,  the  speaker's  remarks  will  be  submitted 
to  him  in  writing  before  publication  in  the  Proceedings,  for  the  correction  of  diction, 
misstatements,  and  errors  of  reporting,  but  not  for  the  elimination  of  remark  v 

Written  Discussions 

Written  discussions  of  published  reports  will  be  transmitted  to  the  chairman  of  the 
interested  committee  who  will  read  or  present  them  by  title  or  in  abstract  at  the  con- 
vention. Written  discussions  will  be  published  in  the  Proceedings  as  a  part  of  the 
discussion   of   the   committee   reports. 


*  Same  applies  to  Portfolio  of  Trackwork  Plans. 

••  Wherever   the   word   "film"    is   used,    it   applies   as   well    to   slides   and   any   other    form    of   visual 


presentation. 
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Action  on  Reports 

No  formal  action  is  to  be  taken  by  the  convention  on  material  submitted  as 
information,  whether  in   the   form  of  a  progress  or  final  report. 

Action  on  material  submitted  for  adoption  and  publication  in  the  Manual  will  be  one 
of  the  following: 

(a)  Adoption  as  a  whole  as  presented. 

(b)  Affirmative  action  on  the  amendment  of  a  part  or  parts  of  the  material  pre- 
sented, followed  by  adoption  as  a  whole  as  amended. 

(c)  Adoption  of  a  part,  complete  in  itself,  and  referring  the  remainder  back  to  the 
committee  for  further  consideration. 

(d)  Recommittail  with  or  without  instructions. 

Note. — An  amendment  which  affects  underlying  principles,  if  adopted,  shall  of  itself 
constitute  a  recommittal  of  such  part  of  the  report  as  the  committee  considers  affected, 

The  Chair  will  decline  to  entertain  amendments  which  in  his  opinion  are  primarily 
a  matter  of  editing. 

MISCELLANEOUS 
Memoirs 

The  Association  has  developed  a  complete  set  of  rules  with  respect  to  memoirs  in 
committee  reports  or  elsewhere  in  its  publications,  covering  the  scope,  preparation  and 
presentation  of  such  memoirs.  Copy  of  these  rules,  as  Weill  as  the  Association  service 
record   of   any   deceased   member,   can   be  secured  from   the  executive  secretary's  office. 

Letter  Ballot  of  Membership 

When  and  as  required  between  annual  meetings,  recommendations  for  the  adoption, 
deletion,  revision  or  reapproval  of  Manual  material  shall  be  submitted  to  letter  ballot 
of  the  Members  of  the  Association  under  the  following  limitations: 

(a)  That  the  letter  ballot  shall  be  taken  only  after  the  Board  of  Direction 
has  recognized  the  necessity  for  such  emergency  action,  and 

(b)  That  the  propositions  submitted  by  the  committee  shall  have  the  approval 
of  a  special  committee  of  the  Board  of  Direction  appointed  by  the  President  for 
that  purpose,  both  as  to  the  substance  of  the  material  offered  and  also  as  to  the 
circumstances  attending  the  consideration  of  the  material  by  the  committee. 

The  Board  of  Direction,  acting  under  the  provisions  of  paragraphs  6  (a)  and  11  of 
Article  VII  of  the  AREA  constitution,  has  the  authority  to  amend,  delete  or  revise 
Manual  material  at  any  time,  subject  to  later  confirmation  or  rejection  by  the  member- 
ship, submission  to  the  membership  to  be  effected  either  by  means  of  a  letter  ballot 
immediately  following  such  Board  action,  or  by  a  motion  presented  at  the  annual 
meeting. 

Review  by  Association  of  American  Railroads* 

All  material  adopted  for  publication  in  the  Manual  and  all  recommendations  for  the 
revision  or  withdrawal  of  Manual  material  shall  be  referred  to  the  vice  president,  Opera- 


*  Same  applies  to  Portfolio  of  Trackwork  Plans. 
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tions  and  Maintenance  Department,  Association  of  American  Railroads,  for  review, 
before  distribution  is  made  thereof  to  holders  or  purchasers  of  the  Manual,  or  parts 
thereof. 

Publication  and  Distribution  of  Annual  Supplement  to  Manual* 

Revisions  of  or  additions  to  the  Manual  authorized  by  action  at  each  convention 
will  be  published  annually  in  the  form  of  loose-leaf  sheets  which  will  be  made  available 
to  all  holders  of  the  Manual  at  established  prices.  These  supplemental  sheets  will  be 
accompanied  by  instructions  for  insertion  of  the  new  sheets  and  [he  withdrawal  ol 
sheets  that  have  been  superseded,  as  well  as  those  sheets  that  have  been  withdrawn  bj 
action  of  the  Association. 

In  order  that  committee  members  who  have  purchased  individual  Chapters  of  the 
Manual  in  connection  with  their  committee  work  may  keep  these  separate  Chapters  up 
to  date,  the  secretary's  office  will  make  available  to  them  annually,  through  their  com- 
mittee chairmen,  those  supplement  sheets  required  to  this  end. 

Publication  of  Abstracts  by  Technical  Journals 

The  following  rules  will  govern  the  releasing  of  material  for  publication  in  technical 
journals: 

Committee  reports  to  be  presented  at  an  annual  meeting  will  not  be  released  for 
publication  until  after  presentation  to  the  annual  meeting.  Special  articles,  contributed 
by  members  and  others,  on  which  no  action  by  the  Association  is  necessary,  will  be 
released  for  publication  in  technical  journals  only  after  issuance  in  a  Bulletin;  provided, 
application  therefor  is  made  in  writing  and  proper  credit  is  given  the  Association,  authors 
or  committees  presenting  such  material. 


Same  applies  to  Portfolio  of  Trackwork  Plans. 


Advance  Report  of  Committee  3 — Ties  and 
Wood  Preservation 

Report  on  Assignment  5 
Service  Records 

W.  L.  Kahler  (chairman,  subcommittee),  A.  B.  Baker,  W.  Buehler,  C.  M.  Burpee,  C.  E. 
DeGeer,  F.  J.  Fudge,  W.  E.  Fuhr,  H.  M.  Harlow,  R.  P.  Hughes,  A.  P.  Richards, 
R.   B.   Radkey,  J.  T.  Slocomb. 

Tie  Renewals  and  Cost  per  Mile  of  Maintained  Track 

The  annual  statistics  compiled  by  the  Bureau  of  Railway  Economics,  AAR,  pro- 
viding information  on  cross  tie  renewals  and  cost  data  for  1960  are  presented  herewith 
in  Tables  A  and  B. 

Total  renewals  and  renewals  per  mile  in  1960  compared  to  1959  are  as  follows: 

Total  Renewals 

Year                                                                                                           Renewals  Per  Mile 

1959     15,848,136  50 

1960    13,655,783  43 

5-year  average  1956  to  1960,  incl 56 

The  average  cost  in  1960  was  $3.73  and  in  1959,  $3.72.  As  noted  on  the  tables 
these  figures  represent  storekeepers  average  cost  of  ties  charged  out;  they  are  not  the 
actual  cost  or  prices  paid  for  the  ties  purchased  during  the  period. 

The  43  new  tie  renewals  per  mile  of  maintained  track  for  the  year  1960  for  the 
Class  I  Railroads  in  the  United  States  is  a  new  all-time  low.  The  5-year  average  1956 
to  1960,  inch,  of  56  ties  per  mile  is  also  a  new  all-time  low. 
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Table  A 
CROSS  TIE  STATISTICS    (EXCISING  SWITCH  &  BRIDGE)   FOR  CUSS  I  RAHj»ADS  IN  THE  UWITED  i 
Calendar  year  ended  December  31,   I960 


I  AMD  URGE  CANADIAN  RAILROADS 


- 

Cross  ties  laid  In  replacement 

Miles  of 

Estimated 

total 

cross  ties 

in  all 
maintained 

of 

mile 
of 

equated 
(thousands) 

Haw  wooden  croa3  ties 
Number  of                  roplacemant  averages 

Now 
wooden  ties 
untreated  (U) 

wooden  tiea 
treated   (T) 

Total  all 
now  wooden 
ties  laid 

other 

wood  (s) 
&  second- 
hand (») 
reapplied 
ties 

Total  ties 
applied 

equated     | p 

per  mile        renewal 

Number  1  Renewal 
laid         cost 

lenewal 

Number 

AE 

Number 

*•]£" 

Number 

*«*r 

(thous.) 

tios  in 

of 

fs 

squatad 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

NSW  ENGLAND  REGION I 

I       Bangor  &  Aroostook 

Boston  &  Maine 

Canadian  Pacific   (lines  in  Ma.) 
Control  Vermont 

47  571 

»1.97 

54  306 

6  638 

15  807 

_    A7  285 

$4.46 
3.81 
3.92 
4.07 

101  377 
6  688 
15  807 
47  285 

S3. 30 
3.81 
3.92 

4.07 

«           616 

101  877 
6638 
15  807 
47  901 

807.75 

2  436.14 

223.58 

431.32 

2  330  674 
7  208  947 

621  389 
1  276  052 

3  284  117 

82  375 
10  399  633 
1  209  400 

2  685 
2  959 
2  779 
2  958 

2  992 

3  132 
3  127 
3  130 

1  730  °87 

•    8  965  607 

1  485  844 

1  639  167 

2  143 

3  660 
6  646 

4.37 
0.09 
2.54 

126 
3 

71 

»416 
10 
277 

(cents) 
19.41 
0.28 
4.17 

?tew  York  Connecting 

New  York.New  Haven  &  Hartford 

Rutland 

: 

; 

2  408 

106  359 

4  574 

5.74 
3.87 
4.04 

2  408 

106  359 

4  574 

5.74 
3.37 
4.04 

•     20  473 

70  055 

2  408 

106  359 

25  047 

1  097.75 

26.30 

3  326.22 

386.44 

2  972  873 

244  759 

15  841  281 

525  763 

2  708 
9  306 
4  763 
1  361 

2. 
2. 
1. 

L3 
K 
)2 
J8 

64 
92 
32 
12 

254 
526 
124 
48 

5.65 
2.60 
3.51 

Total 

58  119 

1.99 

296  934 

4.12 

355  053 

3.77 

21  089 

376  142 

8  735.50 

26  412  587 

3  024 

33  406  281 

3  824 

1.34 

a 

153 

4.01 

GREAT  LAKES  REGION i 

I 

\ 

7  133 
54  384 
3  929 

124  091 
68  299 

4.65 
2.86 

5.50 
3.44 

,.67 

7  133 
54  384 

3  929 
124  091 
63  299 

4.65 
2.36 
5.50 
3.44 

4.67 

»            34 

7  133 
54  384 

3  963 
124  091 
68  299 

397.90 
1  166.11 

154.78 
6  137.58 

1  824.60 

1  210  304 
3  657  616 
448  228 
16  206  848 
5  777  160 

3  042 
3  084 
2  896 

2  966 

3  166 

1  194  354 
8  398  536 
630  478 
O  507  567 
7  887  638 

3  002 
7  061 

4  073 
7  089 
4  323 

18 
46 
25 
20 

83 
131 

140 
70 

2.78 
1.85 
3.42 
0.98 

Delaware  &  Hudson 
Detroit  &  Toledo  Shore  Line 
Eri e - La cka wanna 
Grand  Trunk  Western 

0. 
1. 
0. 
0. 

1. 

59 

49 

88 
68 

8 

Lehigh  &  Hudson  River 

Lehigh  &  New  England 

Lehigh  Valley 

fonongahela 

New  York  Central 

; 

': 

4  430 
310 

69  191 

5  631 

406  388 

4.85 
3.78 

4.85 
2.58 

4  430 
310 

69  191 

5  631 

406  368 

4.38 
4.35 
3.78 
4.35 

2.58 

•       1  328 

5  758 

31fl 

69  191 

5  631 

102.09 

229.08 

2  280.59 

244.41 

17  202.13 

282  0O0 

693  529 

6  905  573 

716  188 

2  762 

3  027 

3  028 
2  930 

780  270 

398  757 

8  500  180 

629  228 

121  480  963 

7  643 

1  741 
3  727 

2  574 

7  062 

1. 

1 

0 

0 

57 
04 
DO 
79 

43 

1 
30 
23 

207 

115 
112 
66 

2.70 
0.38 
3.08 
4.34 

New  YorkjChicago  &  St. Louis 
New  York, Susquehanna  &.  Western 
Pittsburgh  &  Lake  Erie 
Pittsburgh  &  West  Virginia 
Wabash 

I 

': 

114  795 
224 
29  667 
11  724 
70  721 

4.12 
4.45 
3.52 
5.39 
4.31 

114  795 

29  667 
11  724 
70  721 

4.12 
4.45 
3.52 
5.39 
4.31 

•      3  336 
■           721 

114  795 
3  560 
29  667 
12  445 
70  721 

3  445.72 
177.94 
661.85 
184.64 

3  101.53 

10  725  806 
515  501 

2  021  519 
563  246 

9  731  799 

3  113 

2  897 

3  054 
3  051 
3  138 

28  249  950 

184  586 

2  818  316 

1  102  627 

22  462  379 

8  199 
1  037 

4  258 

5  972 
7  242 

1 

0 

1 

0 

07 

04 
47 
08 
73 

33 
1 
45 
63 
23 

137 

6 

158 

342 

110 

1.68 
0.54 
3.71 
5.74 
1.51 

Total 

- 

- 

970  917 

J. 48 

970  917 

3.48 

136  537 

1  107  454 

37  330.95 

116  979  363 

3  134 

245  225  879 

6  649 

0.33 

26 

91 

1.36 

CENTRAL  EASTERN  REGION: 
Akron, Canton  &  Youngstown 
Baltimore  &  Ohio 
Bessemer  &  Lake  Erie 
Central  R.R.of  Hew  Jersey 

86 

1.33 

1  525 
386  840 
16  466 
16  919 

4.34 
2.81 
4.74 
4.42 

1  611 
336  840 
16  466 
16  919 
58  092 

4.21 
2.31 

4.74 
4.42 

...27 

•       8  037 

9  648 
386  840 
16  466 
16  919 

58  092 

219.30 
9  796.82 

404.86 
1  203.70 
1  277.48 

647  199 
28  134  508 
1  348  486 
3  363  434 

3  887  755 

2  951 

2  872 

3  331 

2  798 

3  043 

801  919 
74  629  550 
2  540  455 

5  940  254 

6  525  376 

3  657 
7  618 
6  275 

4  935 

5  108 

0.25 
1.37 
1.22 
0.50 

1.4" 

7 
39 

a 

14 
45 

31 

111 
193 
62 

0.85 

1.46 
3.08 
1.26 
3.30 

Chicago  &  Illinois  Midland 
Detroit, Toledo  &  Ironton 
Elgin, JoUet  &  Eastern 

: 

j 

2  749 
14  846 
46  202 

2  536 

3.76 
4.47 
3.96 
3.53 

2  749 
14  846 
46  202 

2  536 

3.76 
4.47 
3.96 
3.53 

«             23 
*       9  218 
«       3  120 
«     10  337 

2  772 
24  064 
49  322 

12  873 

161.57 
602.58 
836.72 
452.01 
700.25 

434  74'-. 

1  735  430 

2  568  878 
1  458  431 
1  924  504 

3  000 

2  880 

3  070 
3  227 
2  748 

2  316  889 

2  245  037 

1  002  104 

3  334  617 

3  845 
2  683 
2  217 

4  762 

0.36 
1.80 
0.17 
1.94 

25 
55 
6 
53 

219 
20 
223 

2.87 

8.16 
0.89 

M b souri- Illinois 

Pennsylvania 
'       Penna. -Reading  Seashore  Lines 

j 

1 

2  958 
51  374 
760  222 
33  291 

2.37 
3.82 
3.99 
4.29 

2  958 
51  374 
760  222 

33  291 

2.37 
3.32 
3.99 
4.29 

'. 

2  956 
51  374 
760  222 
33  291 

42  367 

214.56 

720.10 

19  826.85 

488.42 

2  646.32 

673  091 
2  237  154 
56  840  155 
1  327  325 
7  332  267 

3  137 
3  107 
2  667 
2  718 
2  771 

439  867 

2  803  459 

146  917  947 

700  454 

14  117  482 

3  893 

7  410 
1  434 
5  335 

2.30 
1.34 
2.51 

0.58 

71 
38 
66 
16 

272 
153 
292 
73 

6.99 
2.06 
20.37 
1.38 

i        Staten  Island  Rapid  Transit 

Western  Maryland 

'. 

; 

887 
59  826 

4.34 
4.42 

887 
59  826 

4.34 
4.42 

- 

59  826 

1  119.34 

3  260  732 

2  913 

7  565  832 

6  759 

1.33 

53 

236 

3.49 

Total 

86 

1.83 

1  534  421 

3.75 

1  534  507 

3.75 

30  735 

1  565  242 

40  753. CO 

117  453  675 

2  682 

38 

POCAHONTAS  REGION: 
Chesapeake  &  Ohio 
Norfolk  &  Western 

; 

; 

209  842 
163  853 
18  328 

3.96 
4.23 
4.34 

209  842 
163  853 
18  328 

3.96 
4.23 
4.34 

«    49  501 
•           282 

209  842 

213  354 
IB  610 

8  270.32 

5  280.00 

407.70 

24  652  731 
16  368  166 
1  318  612 

3  005 
3  100 

3  234 

69  431  533 
52  089  060 
4  220  446 

8  395 

9  865 
10  352 

0.34 
1.00 
1.39 

25 
31 
45 

101 
131 
195 

1.20 
1.33 
1.39 

. 

. 

392  023 

4.09 

392  023 

4.09 

49  783 

441  806 

13  958.02 

42  539  579 

3  048 

125  741  039 

9  009 

0.92 

28 

115 

1.28 

SOUTHERN'  REGION: 

Alabama  Great  Southern 
Alabama, Tennessee  &  Northern 
Atlanta  L  St. Andrews  Bay 
Atlanta  &  West  Point 

- 

; 

34  052 
16  134 
8  111 
12  570 

4.54 
2.70 
5.00 
3.99 

34  052 
16  134 
8  111 
12  570 

4.54 
2.70 
5.00 
3.99 
3.83 

; 

34  052 
16  134 
8  111 
12  570 
516  809 

560.73 

234.14 

119.09 

145.72 

7  423.01 

1  690  010 
7U  519 
360  755 
394  763 

23  085  561 

3  014 
3  167 
3  029 

2  709 

3  110 

3  889  472 

716  783 

483  601 

664  809 

38  309  736 

6  936 

3  061 
4061 

4  562 

5  161 

2 
2 

2 
3 

.01 
.16 
.25 
.18 
.24 

61 
69 
68 
86 
70 

276 
186 
335 
345 
267 

3.98 
6.07 
8.26 
7.55 
5.17 

Carolina  &  Northwestern 

Central  of  Georgia 

Cincinnati, New  Orleans  &  Tex.Pac. 

Cllnchfield 

: 

: 

146  399 
33  791 
25  256 

3.27 
4.55 
4.10 

146  399 
33  791 
25  256 

3.27 
4.55 
4.10 

•       5  322 
251 

146  399 
33  791 
25  256 

100  736 

2  247.41 
714.23 
428.19 

1  175.99 

6  480  656 

2  Oil  026 
1  613  258 

3  413  707 

2  684 

2  616 

3  768 

2  903 

9  161  331 
8  171  663 

4  596  528 

5  900  132 

4  076 

11  441 

10  735 

X°l? 

2 
1 
1 

.26 
.68 
.57 
.94 

65 
47 
59 
85 

213 

215 
242 
371 

5.22 
1.68 
2.26 
7.4P 

Georgia 

Georgia  &  Florida 

Georgia  Southern  &  Florida 

Gulf,Mobile  L.  Ohio 

1  286 

2.17 

47  634 
96  273 

48  938 
194  093 

3.72 
3.26 
4.53 
3.55 

47  634 
97  559 

48  938 
194  093 
403  948 
48<t  196 

22  752 
52  736 
26  186 

3.72 
3.24 
4.58 
3.67 
4.03 
3.53 
4.93 
3.39 
4.99 

«     11  169 
S 417 

«     12  433 

97  559 
48  938 
205  262 
404  365 

368.61 

477.41 

3  494.33 

9  701.80 

995  247 
1  499  638 
11  070  038 
29  663  926 

2  700 

3  141 
3  163 

3  058 

554  093 
2  256  883 
15  963  771 

54  886  826 

1  503 

4  727 

4  570 

5  657 

0 
J 
1 
1 

.30 
.26 
.75 
.36 

265 
103 
56 
42 

858 
469 

168 

57.09 
9.92 

4.46 
2.97 

Illinois  Central 
Louisville  fk  Nashville 
Hew  Orleans  &  Northeastern 
;        liorfolk  Southern 
Piedmont  &  Northern 

" 

: 

489  196 
22  752 
52  736 
26  186 

3.53 
4.93 
3.39 
4.99 

22  752 
65  169 
26  186 

24  046 

296  40 

187!oO 
195.37 

876  173 

2  065  835 

576  560 

604  531 

2  956 

2  920 

3  083 

3  086 

2  424  298 

1  549  825 

399  458 

566  826 

8  179 
2  191 
2  136 
2  894 

: 

.55 
.54 

.98 

77 
75 
140 
123 

382 
252 
699 
503 

4.67 
11.53 
32  70 
17.37 

5.10 

Savannah  &  Atlanta 
Seaboard  Air  Line 

Tennessee  Central 
Western  Ry.of  Alabama 

Total 



598 
3  012 

1.79 

2.24 

465  666 
296  479 
20  542 
13  113 

3  099  081 

3.94 
4.62 
3.01 
4.07 

3.90 

465  666 
296  479 
21  140 
13  113 

3  102  093 

3.94 
4.62 
2.97 
4.07 

3.39 

29  592 

296  479 
21  140 
18  113 

3  131  685 

8  324.00 
345.14 
180.51 

51  893.98 

25  802  482 

1  045  084 

539  638 

157  068  309 

3  1O0 
3  028 

2  990 

3  029 

49  365  805 
523  787 
773  387 

287  683  596 

5  931 
1  518 

4  234 

5  544 

1 

.15 
J6 
.97 

36 
61 
100 

60 

165 
182 
409 

233 

2.77 
12.00 
9.54 

4.20 

CKOSS  TIE  STATISTICS    (EXCLUDING  SWITCH  &   RHTrv-.R.    mn  nr *<>*   -,   „ 

VOAU1AJUU.U  iMUUI  &  BRIDGE)   TOR  CLASS  I  RAILHDADS  IN  THE  UNITED  STATES  J 

Calendar  year  ended  December  31,  I960 


D  LARGE  CANADIAN  RAILROADS 


*»a 

Croas  ties  Laid  in  replacement 

Wloe  of 
tained 

Estimated 
total 

In  all 
maintained 

Ave  race 

of 

tlea 
Per 

of 

Number  of 
equated 
gross 

(thousands) 

equated 

ton-miles 
per  mile 

(thous.) 

New  wooden 

cross  ties 

New 
wooden  ties 
untreated  (U) 

New 
wooden  tlea 
tilled  (T) 

Total  all 

Ties 

wood  (s) 

hand".)" 

reapplied 

ties 

7 

applied 

replacement  averages 

renewal 
to  all 
tlea  in 

tained 

Number 
laid 

of 

of 

Renewal 

per 

1,000 
equated 

Dole  3 

1 

2 

Number 
3 

4 

5 

6 

L"c.r'--:wEdTEki:  region. 

LLMcaeo  U  tlorth  Western 

{incl.  I&St.L) 
Chicago  Great  Western 
Chicago, Milwaukee, St. Paul  &  Pac. 
Duluth.Missabe  &  Iron  Range 

2  354 

$1.00 

607  094 
130  421 
370  686 
61  063 

*4.55 
3.41 
3.98 

4.63 

609  448 
130  421 
370  686 
61  063 

«4.54 
3.41 
3.98 
4.63 

•  72  928 

•  27  283 

3             98 

632  376 

130  421 
397  969 
61  161 

14  013.96 
1  798.39 

13  122.08 
1  026.10 

39  428  616 
5  397  651 

40  013  492 

2  813 

3  001 
3  049 

43  372  404 
7  762  364 
48  615  777 

3  094 

4  316 
3  705 

14 

1.55 
2.42 
0.93 

15 

43 
73 
28 

16 

3197 
247 
112 

17 

(cents) 

6.38 
5.73 
3.03 

Duluth, Winnipeg  L  Pacific 
Great  northern 
Green  Bay  &  Western 
Lake  Superior  a  Ishperainr 

300 

99 

101 

5  211 

2.53 

2.73 
1.31 
1.83 

6  868 
511  045 

3  696 

7  975 

3.45 
4.81 
3.73 
3.21 

7  168 

511  144 
3  797 

13  ie<: 

3.41 
4.31 
3.66 
2.66 

•  124  179 

20  552 

7  168 

635  323 

3  797 

13  186 

561.92 
206.97 
10  042.33 
266.62 
290.24 

1T55  264~ 

595  389 

32  101  275 

773  626 

2  964 

2  849 

3  196 
2  880 

1  180  440 

1  025  137 

51  663  271 

596  218 

2  101 

4  906 

5  145 
2  220 

1.2: 
1.20 
1.59 
0.49 

'■: 
34 
51 
14 

135 
117 
245 
52 

6.44 
2.39 
4.76 
2.33 

Kinpls.St.faul  4  S. S. Marie ( inc. X) 
Northern  Pacific 
Spokane  International 
Spokane, Portland  &  Seattle 

': 

I 

55  462 
510  975 
17  200 
97  748 

3.34 
3.75 
4.07 
4.22 

55  462 
510  975 
17  200 
97  748 

3.34 
3.75 
4.07 
4.22 

6  953 
55  462 
510  975 
17  200 
97  748 

65.35 

4  747.02 

9  085.72 

177.85 

1  139.95 

235  646 
14  446  613 
26  336  416 

521  865 
3  496  800 

2  409 

3  043 
2  699 

2  934 

3  068 

247  555 

16  913  193 

39  823  015 

394  215 

6  735  644 

2  900 

3  563 

4  383 
2  217 

5  909 

3.38 
0.38 
1.94 
3.30 
2.30 

81 
12 
56 
97 
86 

336 
39 
211 
393 
362 

11.57 
1.10 
4.32 

17.74 

8  065 

1.62 

2  407  738 

4.23 

2  415  803 

4.22 

224  488 

2  640  291 

56  574.00 

168  770  394 

2  983 

223  766  424 

3  955 

CUirTfuU,  UESTERH  RRGIQJIi 

Atchison,Topeka  L  Santa  Fe 
Chicago, Burlington  £  Juincy 
Chicago, Rock  Island  &  Pacific 
Colorado  &  Southern 
Colorado  &  Wyoming 

; 

I 

411  181 
196  957 
377  057 
45  881 

1  392 

2.94 
3.52 
2.36 
3.95 

3.52 

411  181 
196  957 
377  057 
45  881 
1  392 

2.94 
3.52 
2.36 
3.95 

3.52 

•  US  920 

•  1  918 

411  181 

340  877 
377  057 
47  799 

19  559.34 

11  359.21 

9  433.45 

774.58 

62  452  973 

35  077  240 
28  109  323 

2  283  109 

9  411  265 
4  565  572 
1  213  431 
1  485  233 

36  317  218 

3  193 

3  088 
2  980 

2  948 

3  096 
2  999 

2  839 

3  419 

166  204  647 
60  574  356 
50  789  724 
3  636  962 

8  497 
5  333 
5  384 
4  695 

0.66 
0.56 
1.34 
2.01 

21 

17 
40 
59 

62 
61 
114 
234 

0,73 
1.14 
2.13 
4.93 

Fort  Worth  &  Denver 
Northwestern  Pacific 
Pacific  Electric 
southern  Pacific  Co. 

512 
302 

2.90 
2.90 

65  143 
94  385 
26  788 
21  056 
663  939 

4.32 
3.78 
3.23 
2.57 

3.47 

65  143 
94  385 
27  300 
21  056 

664  241 

4.32 
3.78 
3.23 
2.57 
3.47 

"     15  929 

•  554 

•  564 

81  072 
94  939 
27  300 
21  056 
664  805 

3  039.68 

1  522.33 

427.49 

434.36 

11  745.45 

18  009  344 

5  407  660 

1  687  781 

332  427 

5  925 

3  552 

3  948 

765 

0.69 
2.07 
2.25 
1.42 

21 
62 
64 
48 

93 
234 
206 
124 

1.56 
6.59 
5.22 
16.25 

Union  Pacific 

618 

2.87 

834  729 
110  172 

4.04 
4.95 

835  347 
110  172 

4.04 
4.95 

•               2 

6355 
835  347 
110  174 

269.63 
13  422.36 
1  562.13 

917  548 
37  931  193 
4  656  446 

3  168 
2  826 
2  981 

1  032  451 
126  390  236 
12  702  903 

3   56;. 
9  454 
8  132 

0.69 
2.20 
2.37 

22 
62 
71 

84 
251 
349 

2.37 
2.66 
4.29 

Total 

1  432 

2.89 

2  855  036 

3.57 

2  856  46* 

3.57 

162  887 

i  019  355 

73  676.36 

224  764  751 

3  051 

W  9  30  371 

7  736 

1.27 

39 

138 

1.79 

SOUTHWESTERN  REGION: 
Kansas  City  Southern 
Kansas, Oklahoma  &  Gulf 
Louisiana  ■:.  Arkansas 

Kissourl-JCansas-Texas 
Missouri  Pacific 

69 

2.18 

72  818 

9  997 

55  816 

202  036 

3.18 
2.30 
3.05 
3.39 

72  818 
10  066 
55  816 

202  036 

3.18 
2.80 
3.05 
3.39 

': 

72  816 
10  066 
55  816 
202  036 

|_     784  4921 

1  374.95 
353.64 
889.43 

3  438.76 

1    11  590.77 

4  346  939 

1  060  642 

2  898  511 
11  166  634 

3  162 
3  000 
3  259 
3  201 

9  406  964 
1  279  893 
4  493  701 
13  191  398 

6  842 
3  619 
5  052 
3  781 

1.68 
0.95 
1.93 
1.31 

53 
26 
63 
58 

168 

192 
196 

2.46 
2.20 
3.79 
5.19 

St.Louia-San  Francisco 
3t.L*mis,San  Francisco  &  Texas 
St. Louis   Southwestern 
Terns  ft  Hew  Orleans 
Texas  ft  Pacific 
Texas  Mexican 

\ 

\ 

490  263 
7  516 
76  048 

249  278 
70  348 
10  238 

2.99 
2.60 
3.12 
3.12 
3.12 
3.06 

490  263 
7  516 
76  048 

249  278 
70  348 
10  238 

2.99 
2.60 
3.12 
3.12 
3.12 
3.06 

•       3  832 

490  263 
7  516 
79  880 

249  278 
70  348 
10  238 

5  778.50 
146.63 

1  752.78 
5  235.19 

2  223.02 
242.03 

18  168  644 
446  827 

5  361  991 
H  625  635 

6  496  540 
766  750 

3  144 
3  005 
3  059 
2  832 

2  922 

3  166 

27  850  U5 
664  643 
15  386  536 
31  405  008 
18  515  093 
2U  659 

4  820 

4  470 
8  778 

5  999 
8  329 

998 

2.70 
1.68 
1.42 
1.68 
1.08 
1.34 

85 

51 
43 
46 
32 

42 

253 
132 
135 
149 
99 
130 

5.26 
2.95 
1.54 
2.48 
1.18 
12.98 

Cotal 

69 

2.18 

2  028  850 

3. IB 

2  028  919 

3.18 

3  832 

2  032  751 

33  077.75 

101  286  694 

3  062 

187  4a  628 

5  667 

2.00 

61 

19'. 

3.44 

Grand  Total  -  United  States 

70  783 

1.98 

13  586  000 

3.74 

13  655  783 

3.73 

658  943 

14  315  726 

316  005.66 

955  275  352 

3  023 

1  949  236  795 

6  168 

1.43 

43 

in 

2.62 

CANADIAN  ROADS: 
Canadian  National 
Canadian  Pacific 
Ontario       Northland 

2k  099 

29  713 
570 

1.60 
2.03 

1  80k  238 

1  kk9  OOU 

80  755 

2.66 
3.12 
3.91 

1  828  337 

1  k78  717 

81  325 

2.9k 
3.10 
3.91 

: 

1  828  337 

1  L78  717 

81  325 

29  k35. 

21  233.8 

665.9 

86  268  907 
60  93k  622 
1  977  602 

2  931 
2  B70 
2  969 

S 

85  071  119 
2  k86  806 

i 
k035 
3  735 

2.12 

2.U 
k.U 

62 
70 
122 

176 
216 
k78 

h 

5.35 
12.80 

>ss  ton-miles  of  cars 
lervlce,  plus  three  ■ 
.  reported. 


inders   In  freight 


i  purcna3ed  during  i 
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DUMBER  AND  AGGREGATE  COST  OF  NEW  WOOD  CROSS  TIE  RENEWALS  PER  MTU-  nt  I*.-™..™™ 

ROSS  TIE  RENEWALS  PER  MILE  OP  MAINTAINS,,  TRACK  AND  RATIO  OF  NEW  WOOD  CROSS  TIE  RENEWALS  TO  TOTAL  CROSS  TIES  IN  MAINTAINED  mCK 
Class  I   roads  In  the  United  States  and  large  Canadian  roeda     w  j   c       ... 

B     oauaaian  roads,   by  JMM>  and  for  the  average  01  il.e  years  1956  to  I960,   inclusive 

lei     All  figures  are  exclusive  of  bridge  and  switch  ties 


Road 

lumber  o 
per 

r  new  we 
mile  of 

3d  cros 

led  tracl 

wals 

Aggregate  cost  of  new  wood  cross  tie 
per  mile  of  maintained  track 

renewals 

Fer  cent  new  wocx 
to  all  tl 

croas  tie  renewals 

1956 

1957 

1958 

1959 

1960 

average 

1956 

1957 

1958 

1959 

1960 

average 

1956 

1957 

1953 

1959 

1960 

5  year 

NEW  ENGLAND  REGION: 
Bangor  &  Aroostook 
Boston  &  Maine 

Canadian  Pacific   (lines  in  Me.) 
Central  Vermont 
Maine  Central 

130 
28 
73 
90 
84 

147 
22 
70 
96 
51 

148 
20 
82 
81 
72 

130 
16 
76 

113 
70 

126 
3 

71 
110 

64 

136 
18 
74 
98 
63 

«384 
107 
270 
405 

234 

i422 
85 
261 
463 
186 

8454 
76 
302 
415 
269 

1398 
58 
310 
475 
268 

•41'. 
10 
277 
446 
254 

S415 
67 
284 
441 
252 

4.50 
0.95 
2.50 
3.04 

5 
0 
2 
3 

09 
75 
39 
22 

5.14 
0.66 
2.80 
2.74 

4.50 
0.54 
2.72 

3.81 

4.37 
0.09 
2.54 
3.71 

4.72 
0.60 
2.59 
3.30 

New  York, New  Haven  ft  Hartford 
Rutland 

29 
82 

31 
15 

28 

40 

29 
27 

32 
12 

30 
35 

767 
111 
284 

1  130 
121 
58 

679 
110 

157 

£-33 
111 
108 

52?^ 
124 
48 

747 

115 
131 

4.96 
0.96 
2.63 

7 
0 

JO 
47 

4.39 
1.05 
1.27 

4.30 
0.92 
0.86 

2.92 

1.02 
0.33 

4.77 
0.99 

52 

46 

47 

45 

a 

46 

184 

167 

175 

167 

153 

169 

1.72 

1.52 

1.64 

1.49 

1.34 

Ann  Arbor 

Delaware  &  Hudson 

Detroit  ft  Toledo  Shore  Line 

Erie-Lackawanna 

Grand  Trunk  Western 

62 
61 
35 
71 
45 

47 
58 
72 
63 
47 

39 
33 
37 
34 
44 

a 

51 
12 
19 
63 

18 
46 
25 
20 
37 

41 
50 
36 

a 

47 

165 
150 
279 

181 
174 
344 
257 
118 

170 
61 
190 
149 

171 

185 
195 
60 
85 

83 
131 
140 

70 

163 
145 
177 
168 

2 

1 
2 

03 

15 

38 

1 
2 

56 

90 

1 
1 
1 
1 

29 
08 
27 

12 

1.35 
1.69 
0.43 
0.61 

0 

1 
0 

0 

59 
49 

58 
68 

1.36 
1.63 
1.25 
1.38 

Lehigh  ft  New  England 

Lehigh  Valley 

Monongahela 

New  York  Central 

76 
53 
54 
56 

75 
44 
39 
62 

48 
27 
28 
22 

21 
34 
33 
27 

43 

1 
30 
23 
24 

63 

44 
38 
35 
38 

290 
337 
196 
126 

344 
327 
149 
159 
211 

336 
210 

121 
67 

310 
101 

112 
150 
11? 

207 
7 
115 
112 
66 

297 
196 
132 
134 
127 

2 
2 

1 
1 
1 

56 
53 
76 
84 
80 

2 

2 

1 
1 

58 

48 
47 
33 

2 
1 
0 

45 
59 
89 
95 

2.43 
0.79 
1.13 
1.13 

1 
0 

1 

0 

57 
04 
00 

70 

2.32 

1.47 
1.25 
1.21 

New  York, Susquehanna  ft  Western 
Pittsburgh  ft  Lake  Erie 
Pittsburgh  ft  West  Virginia 
Wabash 

21 
44 
32 
38 

6 
107 
32 
38 

11 

71 
60 
40 

8 
62 
62 
45 

1 
45 
63 
23 

44 
9 
66 
50 
37 

305 
81 
147 
133 
165 

240 
29 
254 
135 
174 

63 
47 
129 
329 

163 

144 
34 
179 
343 
207 

137 

6 

158 

342 

no 

178 
39 
173 
256 
163 

2 

1 
1 
1 

53 
72 
45 

04 
21 

1 
3 
1 

94 
21 
52 
04 
20 

0 
0 
2 
1 
1 

50 
36 
34 

27 

l.l  j 
0.27 
2.04 
2.02 
1.45 

1 

0 

1 

2 

0 

07 

04 
47 
08 
73 

1.43 
0.32 
2.16 
1.63 
1.17 

Total 

58 

58 

28 

32 

26 

40 

204 

209 

101 

131 

91 

147 

1.87 

1.90 

0.91 

1.03 

0.83 

1.31 

CENTRAL  EASTERN  REGION I 
Akron, Canton  ft  Youngstown 
Baltimore  ft  Ohio 
Bessemer  ft  Lake  Erie 
Central  R.R.of  New  Jersey 
Chicago  ft  Eastern  Illinois 

63 

69 
65 

41 

55 

85 
66 
72 
26 
65 

3 
49 
80 
17 
55 

7 
63 
64 
14 
45 

7 
39 

u 

14 
45 

33 
58 
64 

53 

249 
232 
267 
130 
200 

375 
226 
289 
97 

11 
172 
361 

56 
210 

34 
246 
279 

43 
187 

31 
111 
193 

62 

140 
197 
278 
78 

2 
2 

1 
1 

12 
44 
92 
45 
11 

2.88 
2.30 
2.14 
0.92 

0.09 
1.69 
2.38 
0.62 

0.22 
2.38 
1.91 
0.49 

0.25 
1.37 
1.22 
0.50 

l.U 
2.04 
1.91 
0.80 

Chicago  ft  Illinois  Midland 
Detroit, Toledo  ft  Ironton 
Elgin.Joliet  ft  Eastern 
Illinois  Terminal 
Long  Island 

39 
77 
21 
61 
69 

39 
57 
40 
47 
63 

38 
25 
12 
30 
53 

50 
38 
42 
69 

17 
25 

55 
6 
52 

31 
47 
33 
37 
61 

130 
256 

71 
184 

307 

145 

207 

150 
149 
290 

135 
97 
48 
101 
243 

31 
190 
141 
138 

303 

64 

110 
219 
20 
223 

111 
172 
126 
118 
273 

1 
2 
0 
1 
2 

29 

'.-• 
69 

1.29 
1.99 
1.30 
1.53 

.'.17 

1.26 
0.88 
0.39 
0.97 
1.93 

0.72 
1.73 
1.23 
1.37 

0.57 
0.86 
1.80 
0.17 

1.03 
1.63 
1.08 
1.19 

Missouri-Illinois 

Monon 

Pennsylvania 

Penna, -Reading  Seashore  Lines 

Reading  Company 

32 

102 
62 
49 
54 

19 
73 
67 
53 
52 

19 

51 
40 
50 
17 

12 

72 
42 
66 

14 
71 
38 
68 
16 

19 

74 
50 
57 

•37 
328 
232 
197 

54 
240 
284 
246 

52 
169 
175 
246 

71 

34 

178 
287 
108 

33 
272 
153 
292 

52 

251 
204 
254 

1 
3 

1 

1 

03 
28 
17 
30 
96 

0.60 
2.34 
2.35 
1.96 
1.36 

0.60 
1.65 
1.40 
1.84 
0.61 

0.33 
2.33 
1.45 
2.43 

0.37 

0.44 
2.30 
1.34 
2.51 
0.58 

0.61 
2.33 

1.74 
2.11 
1.18 

Staten  Island  Rapid  Transit 
Western  Maryland 

36 
72 

48 
69 

8 

45 

8 

63 

10 
53 

22 
60 

166 
305 

237 
301 

45 
199 

32 
271 

4'. 
236 

105 
262 

l 
2 

40 
48 

1.87 
2.39 

0.29 

1.55 

2.16 

0.39 
1.33 

0.35 
2.03 

Total 

63 

63 

40 

48 

38 

50 

227 

251 

163 

111 

141 

195 

2.18 

2,20 

1.39 

1.66 

1.31 

1.75 

POCAHONTAS  REGION: 
Chesapeake  ft  Ohio 
Norfolk  ft  Western 
Richmond, Fred' burg  ft  Potomac 

40 
99 
31 

47 
96 
52 

13 
55 
33 

13 
30 
29 

25 
31 
45 

28 
62 
38 

373 
125 

175 
375 
210 

49 
217 
142 

49 
118 
131 

101 
131 
195 

104 
243 
161 

1.31 
3.20 
1.02 

1.54 
3.10 
1.70 

0.45 
1.76 
1.08 

0.43 
0.97 
0.96 

0.34 
1.00 
1.39 

0.91 
2.01 
1.23 

Total 

62 

66 

30 

21 

28 

a 

233 

252 

116 

SO 

115 

159 

2.04 

2.15 

0.98 

0.67 

0.92 

1.35 

SOUTHERN  REGION: 

Alabama  Great  Southern 
Alabama, Tennessee  ft  Northern  a 
Atlanta  ft  St  .Andrews  Bay 
Atlanta  ft  West  Point 

64 

69 

164 

71 

75 
135 

54 
39 
75 
105 

28 
51 
52 
104 

61 
69 
68 
86 
70 

56 
53 
68 
119 
84 

240 

310 
575 
375 

320 

338 
528 
345 

245 
119 
339 

434 

315 

127 
135 
243 
409 
283 

276 
186 
335 
345 
267 

147 
313 
458 
317 

2.10 

2.28 
6.05 

3.36 

2.34 

2.45 
4.99 
2.97 

1.80 
1.22 
2.47 
3.87 
2.61 

0.94 
1.60 
1.73 
3.84 
2.39 

2.01 
2.18 
2.25 
3.18 
2.24 

1.84 
1.67 
2.44 
4.39 
2.71 

Carolina  ft  Northwestern 

Central  of  Georgia 

Cincinnati, New  Orleans  ft  Tex.Pac. 

Clinchfield 

~T36— 
127 
70 
152 

84 
107 

76 
123 

39 
99 
79 
100 

i 

93 
66 
97 

65 
47 
59 

52 

98 
68 
106 
138 

394 
281 

595 
576 

349 
355 
457 
677 

339 
340 
420 

593 

277 

295 
390 
552 

213 
215 
242 
371 

314 
297 
421 
554 

4.40 
2.37 
4.75 
5.24 

3^0 
2.59 
3.84 
5.90 

3.42 
2.68 
3.11 
5.06 

3.22 
2.25 
2.58 

,.71 

2.26 
1.68 
1.57 
2.94 

3.40 
2.31 
3.17 
4.77 

Georgia 

Georgia  ft  Florida 

Georgia  Southern  ft  Florida 

Gulf.Mobile  ft  Ohio 

165 
223 
127 
89 

151 
104 
70 
83 

136 
158 
57 
80 

120 
106 
37 
68 

109 
265 
103 
56 
42 

136 
171 
79 
75 
58 

553 
494 
456 
284 

294 

537 

279 
280 
292 

514 
323 
252 
267 

131 

445 
299 
174 
224 
173 

404 
858 
469 
204 
168 

491 
439 
326 
252 
222 

8.25 
4.03 
2.81 

2.73 

3.86 
2.21 
2.63 
2.45 

5.84 
1.82 
2.52 

1.53 

3.93 
1.18 
2.14 

1.46 

9.80 
3.26 
1.75 
1.36 

6.34 
2.50 
2.37 
1.91 

Louisville  ft  Nashville 
New  Orleans  ft  Northeastern 
Norfolk  Southern 
Piedmont  ft  Northern 

92 
68 
197 
100 

78 
76 
170 
105 

69 
66 
116 

105 

62 
27 
81 
119 

60 
77 
75 
140 
123 

72 

63 
128 
114 
143 

269 
467 
460 
532 

256 
368 
465 
491 
530 

241 
340 
365 
493 
506 

132 
256 
575 

273 

382 

252 
699 
503 

298 
361 
544 
469 

2.30 
6.71 
3.22 
5.58 

2.57 
5.85 
3.42 
5.21 

2.24 
3.98 
3.41 

5.41 

0.91 
2.77 
3.87 
2.88 

2.60 
2.55 

4.54 
3.98 

2.12 
4.37 
3.69 
4.61 

Seaboard  Air  Line 
Southern  Ry. 
Tennessee  Central 
Western  Ry.of  Alabama 

73 
67 
117 

205 

58 
54 
90 
180 

62 
50 
42 
132 

81 
38 
70 
107 

82 
36 
61 
100 

71 

49 
76 
145 

267 
328 
718 

254 
243 
702 

235 
120 
545 

170 
200 
423 

165 
182 
409 

218 
215 
559 

2.15 
3.85 
6.34 

1.74 
2.99 
6.01 

1.62 
1.37 
4.40 

1.22 
2.30 
3.57 

1.15 
2.02 
3.36 

1.58 
2.51 

4.84 

Total 

93 

81 

69 

63 

60 

73 

323 

302 

263 

236 

233 

271 

3.09 

2.42 

NUHR5R  AMD  AGGREGATE  COST  OF  IIBH  WOOD  CROSS  TLS  RENEWALS  PER  MLB  OF  HII11TAIM)  TRACK  AND  RATIO  OF  NEW  MOD  CROSS  TIE  RENEWALS  TO  TOTAL  CROSS  TIBS  IN  MAINTAINED  TRACK 

Class   I   roods  In  the  United  States  and  largo  Canadian  roads,   by  ysars,   end  for  tho  average  of  the  five  years  1956  to  1960,   Inclusive 

Note:     All  figures  are  exclusive  of  bridge  and  switch  ties 


Road 

imber  of  new  wood  croS3  tie  renewals 
per  mile  of  maintained  track 

Aggregate  cost  of  new  wood  cro 
per  milo  of  maintained 

.tie  renewal 

to 

sew  wood  cros3  tie  renewals 
all  ties  in  tracks 

1956 

1957 

1958 

1959 

1960 

average 

1956 

1957 

1958 

1959 

1960 

average 

1956 

1957 

1958 

1959 

1960 

average 

NORTHWESTERN  REGION: 

Chicago  6     North  Western   (inc.   IfcSt.L) 

Chicago  Great  Western 

Chicago, Milwaukee, St, Paul  &  Pacific 

Duluth.Missabe  &  Iron  Range 

Duluth, South  Shore  &  Atlantic 

73 
95 

60 
39 
134 

88 
112 
44 
55 
105 

54 
94 
24 
48 
91 

58 
102 
29 
54 
92 

43 
73 

60 
37 

63 
95 
37 
51 

t263 

310 
213 
148 

$314 
393 
164 
223 

S208 
343 
90 
164 
336 

$237 
352 
112 
240 

8197 
247 
112 
275 

*245 
329 
138 
210 

2.46 
3.13 
1.95 
1.30 

2.95 
3.73 
1.44 
1.33 

1.83 
3.15 
0.77 
1.61 

1.93 
3.39 

0.94 
1.81 

1.55 
2.42 
0.93 
2.00 

2.14 
3.17 
1.21 
1.71 

Duluth,Winnipeg  £  Faclfic 
Great  Northern 
Green  Bay  &  Western 
Lalce  Superior  &  Ishpeming 

::inneaj>oil';,::ort'-'ioli   :-  Southern 

45 
63 
135 
79 
67 

43 
57 
60 
76 

32 
61 
20 
55 

39 
59 
19 
43 
83 

34 
51 
H 
45 

39 

59 
50 
60 

156 
285 
460 
253 

151 
251 
220 
222 

92 
266 

67 
163 

133 
281 
58 
129 

117 
245 
52 

336 

130 
266 
171 

1.59 
2.17 
4.70 
2.65 

1.51 
1.32 
2.09 
2.52 

1.13 
1.93 
0.70 
2.13 

1.35 
1.83 
0.67 
1.69 

1.20 
1.59 
0.49 
1.80 

1.36 
1.33 
1.73 
2.17 

Kinpls.st.Faul  &  S.S.lkrie  (inc. Wis, C.) 
Northern  Facific 
Spokane  International 
Spokane, Portland  &  Seattle 

99 
42 
229 
96 

89 
46 
334 
87 

61 
40 
233 
107 

79 
49 
179 
112 

12 
56 
97 
86 

68 

47 
214 
98 

291 
150 
698 
368 

281 
169 
1235 
365 

214 
148 
847 
452 

265 
181 
650 
478 

39 
211 
393 
362 

218 
172 
765 

405 

3.28 
1.45 
7.82 
3.10 

2.93 
1.59 
11.42 
2.33 

2.02 
1.39 
7.94 
3.46 

2.60 
1.68 
6.09 
3.64 

0.38 
1.94 
3.30 

2.80 

2.24 
1.61 
7.31 
3.17 

Total 

68 

66 

50 

54 

43 

56 

244 

246 

192 

219 

180 

216 

2.24 

2.20 

1.65 

1.80 

1.43 

1.36 

CENTRAL  WESTERN  REGION: 

Atchison, Topeka  &  Santa  Fe 
Chicago, Burlington  i;  ijuincy 
Chicago, Rock  Island  &  Pacific 
Colorado  &  Southern 

79 
40 
65 
49 

57 

41 

61 
45 

32 
19 
29 
31 

22 
28 
46 
37 
12 

21 
17 
40 
59 

42 
29 
48 
44 
28 

246 
134 
161 
171 
107 

181 
139 
186 
171 
308 

95 
66 
81 
127 
54 

61 
102 
136 
147 

50 

62 
61 
114 
234 
46 

129 
100 
140 
170 
113 

2.46 

1.30 
2.17 
1.63 

0.38 

1 
1 
2 

79 
}> 
05 
48 
38 

1.00 
0.61 
1.03 
1.03 

0.45 

0.63 
0.89 
1.54 
1.17 
0.33 

0.66 
0.56 

1.34 
2.01 

0.40 

1.32 
0.94 
1.63 
1.46 
0.90 

Denver  4  Rio  Grande  We3tem 
Fort  Worth  &  Denver 
Northwestern  Facific 
Pacific  Electric  a 

65 
93 

147 

51 
65 
139 

51 
71 
97 
59 

39 

93 
99 
60 
66 

21 
62 
64 
48 

45 
77 
109 
56 
62 

247 
315 
576 

2jS 

246 
265 

490 

242 

208 
289 
313 
178 
238 

161 
382 
294 
156 
226 

93 

234 
206 
124 
196 

191 
297 

376 

153 
228 

2.08 
3.06 

5.11 

2.02 

I 
2 

2 

■J 
15 
38 

05 

1.66 
2.35 
3.39 
1.74 

2.08 

1.25 
3.10 
3.45 

1.75 
..It 

0.69 
2.07 
2.25 

1.42 

l.-:. 

1.47 
2.55 
3.82 
1.64 
2.03 

Toledo, Peoria  ^  Western 
Union  Pacific 
Western  Facific 

60 
65 
115 

21 
60 

108 

45 
50 
87 

43 
68 
86 

22 
62 
71 

38 
61 
93 

237 
239 
549 

85 
229 

555 

178 
196 
393 

166 

259 
405 

84 

251 
349 

150 
235 
450 

1.90 
2.31 
3.84 

0 
3 

68 

.1 
63 

1.43 
1.78 
2.93 

1.31 
2.40 
2.87 

0,69 
2.20 

2.37 

1.21 
2.16 
3.13 

Total 

66 

58 

a 

46 

39 

50 

226 

208 

L47 

161 

138 

176 

2.17 

1.39 

1.36 

1.50 

1.27 

1.64 

1    SOUTHWESTERN  REGION: 
Kansas  City  Southern 
Kansas, Oklahoma  &  Gulf 

Missouri-Kansas-Texas 

68 
HO 

63 
105 

54 
149 

59 
191 

51 
132 
46 
26 

62 
100 
62 
53 

53 
28 
63 

58 

58 
110 
59 
87 

212 
367 
187 
292 

166 

398 
185 
579 
228 

155 
417 
144 
82 
239 

187 
318 
188 
172 
23i 

163 
80 
192 
196 
223 

178 
316 
179 
264 

71.1. 

2.14 
4.66 
1.95 
3.32 
3.25 

1.71 
4.97 
1.81 
6.00 

2,42 

1.61 
4.39 
1.42 
0.33 

2. .a. 

1.96 
3.33 
1.39 
1.68 

2,49 

1.63 
0.95 
1.93 
1.81 

2.19 

1.32 
3.66 
1.80 
2.73 
2.57 

St, Louis-San  Francisco 

St. Louis, San  Francisco  &  Texas 

St. Louis  Southwestern 

Texas  &  New  Orleans 

Texas  a  Pacific 

Texas  Mexican 

90 
68 
SI 
87 

109 

73 
59 
97 
57 
120 
109 

63 
74 
85 
47 
86 
107 

74 
22 
25 
61 
56 
83 

85 
51 
43 
48 
32 
42 

77 
55 
66 
60 
87 
90 

256 
192 
258 
233 
436 
324 

223 
200 
307 
162 
387 
336 

204 
255 
264 
146 
267 
335 

226 
59 
77 
193 
174 
253 

132 
135 
M9 
99 
130 

23.: 

163 
208 
177 
273 
276 

2.36 
2.17 
2.63 
3.12 
4.79 
3.43 

2.3! 
1.39 
3.13 
2.05 
4.11 
3.45 

2.40 
2.80 
1.71 
2.94 
3.37 

0.74 
0.31 
2.17 
1.91 
2.61 

1.63 

1.42 
1.68 
1.08 
1.34 

1.78 
2.16 
2.15 
2.97 
2.84 

Total 

97 

88 

64 

66 

61 

75 

279 

268 

201 

205 

195 

230 

3.16 

2.38 

2.11 

2.17 

2.00 

72 

67 

47 

50 

43 

56 

247 

243 

175 

184 

161 

202 

2.38 

2.22 

1.58 

1.64 

1.43 

1.35 

CANADIAN  ROADS: 
Canadian  National 
rJT>afH<m  Pacific 
Ontario  Northland 

117 
87 
238 

116 
86 
156 

106 
83 
166 

88 
73 
164 

62 
70 
122 

9B 
80 
169 

356 
278 
1026 

347 
274 
677 

306 
250 
713 

261 
233 
658 

176 
216 

li?7 

289 

251 

710 

3.98 
2.93 
8.20 

3.94 
3.00 
5.29 

3.63 
2.87 
5.60 

3.01 
2.51. 
5.50 

2.12 
2.1*3 

lull 

3.3U 
2.76 
5.76 

Not  Class  I  prior  to  January  1(  1956.     Data  for  prior  years  not  available. 
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Abutments,  retaining  walls,  design  speci- 
fications, revisions,    138,  860 

Accounting,  ICC  classifications,  revisions 
and  interpretations,   582,  771 

Agreement  form,  buildings  over  railroad 
property,  conveyance  of  title,  grant, 
revisions,  347,  766 

— Construction,  33-1,  766 

— electrical  energy,  purchase  of,  traction 
and  other  purposes,  reapproved,  345, 
766 

— other    than    traction    purposes,    de- 
leted,  345,   766 

— flood  control,  construction  of  stop  log 
or  other  structures,  reapproved,  34  8, 
766 

— railway     force     account     work     on 
projects,   reapproved,   34S,   766 

— highway-railway  grade  separation 
structures  for  public  roads,  construc- 
tion and  maintenance,  reapproved, 
350,   766 

— industrial  site,  lease,  revisions,  346,  766 

— interlocking,    reapproved,    345,   766 

— land,  option  to  purchase,  reapproved, 
347,   766 

— oil  and  gas  on  railway  lands,  lease  for 
development,    revisions,    350,    766 

— parallel  occupancy  of  railway  right-of- 
way  by  electric  power  lines,  re- 
approved,   346,    766 

—  petroleum  and  other  liquefied  gases,  un- 

loading  of,    reapproved,    349,    766 

—  pipe    lines,    high    pressure,    use   of   rail- 

way  property   for,   revisions,    348,   766 

—  pipes,  conduits,  drains,  hopper  pits  and 

other  structures  on  railway  property, 
license,   revisions,    34  9,   766 
I  Miles,    joint    use    of    on    railway    lands, 
reapproved,  34  6,   766 

— 'Signs,  commercial,  on  railway  property, 
revisions,  347,  766 

— strip  mine  on  railway  miscellaneous 
physical  property,  lease,  reapproved, 
350,   767 

— subsurface  exploration  on  railway  prop- 
erty,  reapproved,    34  9,    766 

— subsurface  rights  to  mine  under  rail- 
way carrier  property,  revisions,  350, 
766 

— subsurface  rights  to  mine  under  rail- 
way miscellaneous  property,  re- 
approved,  350,  766 

— turnpike  or  toll  road  crossing  railway 
tracks  or  property,  reapproved,  350, 
766 

— wire  or  cable  line  crossings,  reapproved, 
346,   766 

Annual    meeting,    closing   session.    972 

— invocation,  '  1 1 

— opening   session,    741 

— program   of,   737 

Anti-creepers,  number  and  position  for 
continuous    welded    rail,    728,    970 

Arches,  corrugated,  and  culverts,  specifi- 
cations,   revisions,    553,   878 


Asphalt  treatments  of  ballast  and  i 
decks,   707,  940 

ASTM    specification   reference!    pertaining 
to  concrete,  re^  Isions,    1 1 

Atchison,  Topeka  &   Banl  ,    1  .     .  ml  Inuou 
welded  rail,  economl 
cross  ties,  mechanised  loading  and  un- 
loading,  by    G.    k.    Rob 

— joint   bars  servioe  test,   616, 

line    change,    construction    of,    motion 

picture,      i  11  t  pod  ui  I  1  mi      b\ 

Rugge,   81  1 

laj  in-  «'\\  1;.  971 
timber    stringers,     fatigue    and 
strength  of  50-year-old, 

— wind    loading    tests    mi    tl Ilighl    I 

133,   910 
w i.  treated,  Bervioe  test  record 

917 
Atlantic  Cost   Lin.-,  concn  te  til    !■    ' 
919 


B 


Ballast,   and    bridge   decks,   asphalt    ' 

mentfi  of,   707,   940 
Barth,    V.    C,    address,    control    of 

fuel    Oil    spillage,     7S  I 

Beattyville,  (Miibougamau  branch  Unr- 
construction,  b\  ,i.  i '.  Martin,  215, 
808 

Belanger,    W.    .1..    addresB,    epoxj 

new    tool    for    the    railroad    Industry. 
851  • 

Bessemer  &  Bake  Brie,  rail  laid  tight, 
service  test,   672,   949 

Bibliography  (See  Engineering  and  Valu- 
ation  Rei  1 

—  (See   Power.    Locomotlvt  1 

—  (See  Waterways  and   Harboi 
Bishop.   1-'.  J.,  memoir,  642 
Blast   and    fume    protection,    t,\ 

876 
Blewitt,     K.    T.,    conception, 

fabrication   of  a    welded    rigid 

railroad    bridge,   879 

Bolts,   track,   and   nuts,   design,   revl 

587,   952 
Borings,    test,    speciflcatioi  roved, 

677,  936 
Borton,     il.    T.,    conception,    design    and 

fabrication    of   a    welded    rigid-frame 

railroad   bridgi  , 
Bridge  decks  and   ballast, 

merit-    of,    707,    940 

Bi  Idge  flooi  -.  disti  Ibutlon  of  llvt    load  In, 

116, 
Bridge,    welded    rlgid-frai 

design  and  ( ibi 

i:    T    Blew  itt   and   ii    T 
Bridges,   bias!   and   I 

deck  plat 

eyebat   .  method  of 

i/.i 
expansion     |o 

876 


Index 


— movable,    specifications,    revisions,    548, 

g :  g 

protect  ion  of  traffic  ;it,  reapproved, 
548,   876 
—  reinforced   concrete,   rigid-frame,   speci- 
fications,   133,   860 
steel     railway,     fixed     spans,     specifica- 
tions,   revisions,    545,    551,    876,    877 
— bibliography,  551,  877 
— technical    explanations    of    various 
requirements   551,   877 
Brine    drippings,    prevention    of    damage 

from    to   track    structure,    663,    949 
Brown,   10.  J.,    president's  address,   744 
Brush    control    problems    on    right-of-way, 
current    research  on,  by  W.   E.  Chap- 
pell,   710.   911 
Buford,    C.    !>.,    address,    engineering    and 

the  railroads  future,  752 
Buildings,    report  and   discussion,   287,   908 
— infra-red   ray   beating,   331,   912 
— prefabricated,   for  railway  use,  314.   910 
— specifications,     built-up     roofing     and 
flashing,    revisions,    291,    908 
— cement     grouted     platforms,     floors, 
pavement  and  pavement  bases    288, 
908 
— copper   tubing,    306,    908 
— flashing-,    base   and   cap,    fabric   and 
metal,    for   smooth   and   gravel   sur- 
faced roofs,  specifications,   293    294, 
296,    298,    300,    90S 
— flooring    and     paving,     wood    block, 

weather  protected  areas,    288,    908 
— plumbing,    302,    908 
— sewers    and    drainage,    reapproved, 
307,    908 
— structural    systems,    new    developments, 
324,    911 

Butland,    A.    N.,    address,    future    of   track 
maintenance     on     British     Railways, 

775 
Butt    welding,     rails,    mill    practice,    revi- 
sions,   590,    9."i  2 


Canadian    National    Montreal    Yard,    con- 
struction  of,   485,    922 

Canadian  Pacific,  analysis  of  maintenance 

of    way    operations,    483,    922 
Cars,    outfit,    for    bousing,    revisions,    482, 

922 

Cars,    reliability   of,    progress   report,    798 
Cathodic  protection  system  for  pipe  lines, 

^42,    783 

Cavins,    K.,    greetings    from    NRAA,    750 
Chappell,     W.     10.,     current     research     on 

right-of-way    brush    control,    710,    941 
Charts    (See    Engineering    and    Valuation 

Records) 
Chesapeake  it   Ohio,   rail,  service  test,   622 
— ties,  mixed  oak,  service  record,  505,  917 
Chicago     &      North      Western,     joint     bars 

service   test,    6  1  9 
— rail   joint   lubrication   test,    670,    94  9 


Chicago  &  Western  Indiana,  frogs,  cross- 
ing, solid  manganese  steel,  with  pre- 
stressed    concrete    support,    service 

test.    653,    :H7 

Chicago,  Milwaukee,  St.  Paul  &  Pacific, 
welded  simulated  crossing  intersec- 
tions,  service   test.   673,   953 

Civil  engineering  graduate  of  1961,  by 
K.   B.   Woods.  838 

Classification    yards    (See    Yards) 

Cleaners,  disinfectants,  deodorants  and 
fumigants,   2  is,   784 

Clearance,  high  and  wide  shipments, 
methods  of  measuring,   413,   773 

—overhanging  loads  on  curves,  table  of 
offsets   for.    112,    773 

— requirements  of  the  various  states.  112, 
772 

Clearances,  report  and  discussion,  411, 
772 

College  and  university  students,  coopera- 
tive system  of  education,  including 
summer  employment,   559,   837 

— curriculum     desirable     to     prepare     for 
career  in  railroad  engineering,  560,  837 

— importance  of  bringing  into  railroad 
service,   556,   835 

— recruiting  for  railroad  employment,  best 
techniques  for,   556,   835 

— stimulate  greater  interest  in  science  of 
transportation,  557,  836 

Committees,  information  and  rules  for 
guidance  of,   1009 

Computers,     electronic,     bridge     problems, 
418,   875 
— engineering     and     valuation     records, 

574,    770 
— various   railway   problems,    210,   808 

Concrete  masonry  walls,  specifications, 
308,    910 

Concrete,  new  shapes  for  tomorrows  rail- 
roads, by  James  D.   Piper,   863 
— precast,  structural  members,   methods 

of   construction    with,    449,    862 
— prestressed,   structures,   design,   mate- 
rials    and     construction     specifica- 
tions,   446,    862 
— reinforced,  rigid-frame  bridges,  speci- 
fications,   432,   860 

Constitution,    997 

Containerization,  development  in  new- 
methods   of   transportation,    229,    810 

Continuous  Welded  Rail,  report  and  dis- 
cussion,  715,  968 

— creepage  of,  number  and  positions  of 
rail  anchors,   728,   970 

— economics  of,    728,   970 

— fabrication,  basic  considerations,  716, 
969 

— failures,  service,  flash  butt  welded  and 
oxyacetylene  pressure  butt  welded, 
718,    969 

—  fastenings,    727,    970 

— laying,   725,   969 

Contract  Forms,  report  and  discussion, 
333,   765 

Contract    Forms.    (See  Agreement   Forms) 

Cooperative  Relations  with  Universities, 
report  and  discussion,   555,   835 


Index 


specifications, 

specifications, 

revisions,    359, 


Corrosion,  of  deck  plates,  549,   876 
— prevention    in    potable    hot    water    sys- 
tems,   237,  783 
Cramer,    K.    E.,    investigation    of    failures 

in  control-cooled  rail,  593 
— shelly  rail  studies  at  University  of  Illi- 
nois, 630 
Creosote,     simplified     method     for     taking: 
zone     samples     in     tank    cars,     re- 
approved,   502,   915 
Crib  walls,  metal,  specifications,  440,  861 
— reinforced   concrete,    specifications,    438, 

861 
— timber,    specifications,    442,    861 
Crossings,    highway-railway    grade,    bitu- 
minous,   specifications,    revisions,    360, 
904 
— concrete,      monolithic, 

deleted,    362,    904 
— concrete   slab,    precast, 

deleted,   361,    904 
— general    specifications, 

904 
— protection,    merits    of    various    types, 

363,    904 
— protection,   method  of  developing  an- 
nual maintenance  cost  of,   371,   905 
— signs,  recommended  use  of,  revisions 

362,    904 
— signs,      visibility     of     various     sizes, 

colors,    materials,    365,    904 
— treated     timber,     sectional,     prefabri- 
cated, specifications,   revisions,   361, 
904 
— wood    plank,    specifications,    revisions 
361,   904 
Crossings,    railroad    grade,    protection    by 
crossbucks,   by  T.   M.   Vanderstempei, 
365 
Crossings,   railway,   service  tests,   653 
— simulated,   service  tests,   673,    950 
Culvert  pipe,   cast  iron,   specifications,   re- 
approved,    678,    936 
— clay,     specifications,     reapproved, 

936 
— concrete,  specifications,  reapproved, 

936 
— corrugated     metal,     specifications,     re- 
approved, 678,  936 
Culverts,    corrugated    metal,     including 
arches,    specifications,    revisions,    553, 
878 
— location  and  type,   reapproved,   678,   936 
— restoring    and    repairing    pulled -apart 

sections,  691,   937 
Curves,  degrees  of,  effect  on  cost  of  track 
maintenance,    207,   807 


Deck   plates,  corrosion  of,   549 

Deere,   D.   P.,  abstract  of  report  on  slope 

failure  of  railroad   cuts  in   stiff  clay, 

Tin; 
I  >e<  reei .   B.  W„  memoir,  236 
Deodorants,    disinfectants,    fumigants   and 

cleaners,  248,  :^  I 
Diesel     fuel    oil    spillage,    control    of,    by 

V.   ('.    Harth.   784 


679, 


678. 


Diesel    fuel    oil    storage   tanks.    Inspection 

and   maintenance  of,   2  17,   ts  I 
Disinfectants,   deodorants,   fumigants  and 

cleaners,    2  IS,    7\| 

Drainage  areas  and  water  runoff,  re- 
approved,  678,   936 

Drew.  Freeman,  address,  how  floodlight 
towers  behave  during  high  wind 
velocity,    912 

Drive  spikes,  steel,  specifications  and 
Plans,    648,    946 

— extractor  socket  wrench  tor,  652,  946 

Drop  test  machine,  specifications,  re- 
approved,   587,    052 

Duluth,  Missabe  &  Iron  Range,  concrete 
ties,   service  test,   410 

— rail,   service  test,    6  23 


E 


Earth  materials,  nuclear  equipment  for 
determination  of  volume  change  from 
cut  to  fill,   679.   937 

— physical  properties  of,  reapproved  677, 
936 

Eberly,  G.   F.,  memoir,   4  32 
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657 

Eyebars,  method  of  shortening  to  equal- 
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Frampton,  D.  B.  Jr.,  address,  said  the  tie 
man  to  the  track  man,  919 

Freight  terminals,  revisions,   260,  262,  797 

Fuel  oil,  diesel,  storage  tanks,  inspection 
and  maintenance  of,    247,   784 

Fume  and  blast  protection,  revisions,  548, 
876 

Fumigants,  cleaners,  disinfectants  and 
deodorants,   248,   784 


Gang,  B&B,  labor  economies  through  use 
of  power  tools  and  mechanized  equip- 
ment,  494,   925 

German  Federal  Railways,  motion  pic- 
ture, mechanized  track  maintenance 
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tions,  deleted.    307,    908 
— mechanical     type,     specifications,    de- 
leted, 307,  908 
Locomotives,   types,   characteristics,   trac- 
tive  effort.    191,    806 
Louisville  &  Nashville,  hold-down  fasten- 
ings   for    tie    plates,    including    pads, 
service  test,  666,   94  9 
— rail   laid   tight,   service   test,    671,    949 
Lumber,    glued    laminated,    specifications, 

revisions,   512,   848 
Luncheon,  annual,   893 

Lyon,     G.     J.,     introduction     to     Southern 
Pacific  motion  picture,  783 


M 


Ma  gee,    G.    M.,    address,    effect    of    heavy 

wheel    loads   on    rail,    as   observed    on 

the  QNS&L,    955 
Maintenance  of  way  equipment,  handbook 

for   care   and   operation   of,    revisions, 

155,   932 

— anchor  applicator,   455,    932 

— cars,     ballast    drainage    type,     4  64, 
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Washers,     spring-,     specification,     re- 
approved,    587,    952 
Waste   disposal,    railway,    244,   783 
Water,    Oil    and    Sanitation    Services,    re- 
port and  discussion,   235,  783 
Water    runoff,    and    drainage    areas,    re- 
approved,  678,  936 
Water  systems,   hot,   prevention   of  corro- 
sion in,   237,  783 
Waterfront    facilities,    construction    mate- 
rials  used,   relative   merits   and   econ- 
omies of,  383,  78  2 
— greenheart,  mechanical   properties  of, 
determination    of   recommended    al- 
lowable values  for  design,   386,  782 
— piling    materials,    recommended    prac- 
tice   of    periodic    inspection,    main- 
taining service  records  of,   384,  782 
Waterproofing,  report  and  discussion,  419, 

902 
Waterproofing,   coatings   for  exposed  con- 
crete surfaces,  specifications,  4  20,  902 
— dampproofing,    railway    structures, 
principles     governing,      reapproved, 
420,   902 
— membrane,    ability    to    bridge    cracks 
developing     in     concrete     to     which 
applied,   153,   902 
— membrane,   specifications,   4  24,   902 
Waterway   openings,    size   of,    reapproved, 

678,  686,  936,   937 
Waterway     problems,     use     of     hydraulic 
models  for  study  and  resolution,  380, 
781 
Waterways  and  Harbors,   report  and  dis- 
cussion,   375,   781 
— bibliography,    benefits    and    cost,    in- 
land   waterway    projects    involving 
navigation,   376,   781 
Waterways,    natural,    general    recommen- 
dations,   reapproved,    678,    936 
— size  of  waterway  openings,   686,   937 
Western   Pacific,   concrete  tie  test,   410 
Wharves  and  piers,  cargo,  for  waterfront 

terminals,  280,  804 
Whipple,   C.   A.,   memoir,   432 
Wind    loading,    AT&SP    floodlight    tower 
test,  133,   910 
— railway  building  structures,    321,    910 
Wood    bridges    and    Trestles,    report    and 
discussion,   511,   848 
— application    of    synthetic    resins    and 

adhesives   to,    526,   850 
— methods    of    fireprooflng,    reapproved, 
514,    848 
— flre-retardant  paints,   515,   849 
— rules     for     rating    existing,    tentative 
specifications,   539,  851 
Wood,    creosoted,    flre-retardant    coatings 

for,  516,  849 
Wood    piles,    driving    specifications,    revi- 
sions,  513,   848 


zinc     chloride,     revisions, 
revisions,     501, 


inc    chloride, 


Wood  Preservation,  report  ami  discussion, 

499,    ill.", 
Wood,    preservative    treatment,    specifica- 
tions, revisions,  504,  916 
■ — methods  of  determining  penetration 
in  treated  wood,  revisions,  505,  916 
Wood     preservatives,     acid     copper    chro- 
mate,   revisions,   501,   915 
— ammoniacal    copper    arsenite,    revi- 
sions, 502,  915 
— chromated  copper  arsenate,  revisions. 

502,   915 
— chromated     zinc    arsenate,     revisions, 

502,   915 
— chromated 
500,    915 
— copper     naphthenate, 

915 
— copperized    chromated 

revisions,   501,   915 
— creosote,  specifications,   reapproved, 

500,    915 
— creosote -petroleum      solution,      re- 
approved,   500,    915 
pentachlorophenol,    revisions,    501,    915 
— petroleum,  carrier  for  standard  wood 
preservatives,   revisions,    503,    916 
— for     blending     with     creosote,     re- 
approved,  500,   915 
— solvent    for    pentachlorophenol,    re- 
visions,  503,   916 
— tanalith,    revisions,    501,    915 
— zinc  chloride,   500,    915 
Wood,    pressure    treatment    to    make    Are 
resistant,    specifications,     reapproved, 
505,    916 
— treated,  service  test  records,   505,  917 
Woods,    K.    B.,    address,       the    1961    civil 

engineering   graduate,    838 
Woolford,   F.  R.,  railroads  in  Soviet  Rus- 
sia in  TCurope,   169 
— address,    railways   in   Russia   and   the 
people  of  Russia,  813 
Work    equipment,    care   and   operation   of, 
revisions,   4  55,   932 
— handbook,  revisions,  455,  932 
— field  repairs  to,  477,  932 
— improvements    to    be    made    in    exist- 
ing,  466.   932 
— painting,    colors    recommended,     re- 
approved,   454,    931 
— repairs,     methods    of    scheduling 

through  shops.  479,   933 
— replacement,   basis  for,   469,   932 


Yard  and  terminal  design,  simplification 
in  and  resultant  economy,  following 
complete   dieselization,    278,    804 

Yard  maintenance,  present  trends  in,  283, 
804 

Yards  and  Terminals,  report  and  discus- 
sion,  255.  797 

Yards,     classification,     length     of    freight 
cars  as  basis  for  track  capacity,   264, 
802 
— retarder,   specialized   construction   re- 
quired in,   276,  803 


£-x-t-e-n-d  Tie  £-i-$-*l 
■Hold.    Quae  I 

USE  TIE  PLATE 
LOCK  SPIKES 


One-piece  Design 

LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
cross-ties  and  bridge  timbers. 

LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  with  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 

BERNUTH,  LEMBCKE   CO.,  INC. 

420  Lexington  Avenue,   New  York   17,   N.  Y. 


Actual 
Size 


EXCEPTIONAL 
CORROSION 
PROTECTION 
FOR 

RAILS  AND 
RAIL  JOINTS 


BARCOTE  600  is  compounded  for  railroad  splice  bars,  either 
in  the  laying  of  new  rails  or  for  applying  to  existing  rail  joints 
without  loosening  or  removing  bolts  or  bars. 

This  product  is  producing  excellent  results  in  coating  of 
tunnel  rails  and  rails  subjected  to  brine  drippage  from 
refrigerator  cars. 

BARCOTE  600  is  a  solvent  cut  back  lead  compounded  prod- 
uct with  a  pour  point  of  0°  F.  for  ease  of  application,  brush- 
ing or  air  spraying,  particularly  in  low  temperature  use. 


Write  for  Engineering  Data  Bulletin  B-32-RR 

Brooks  Oil  International  Company:  Exporters 
Offices  and  Warehouses  in  Principal  Cities  U.S.A.  •  Canada 


The  BROOKS  OIL  Company 

Established  1876 


IS  SUBURBIA  ON  YOUR  NECK? 

Modern  GRS  signaling  systems  offer  delay-saving 
solutions  to  fit  your  individual  needs — to  help  sub- 
due the  hue  and  cry  of  today's  commuters.  You  can 
streamline  your  operations  by  consolidating  control 
in  a  single  tower.  From  a  modern  control  center, 
instant  action  can  be  taken  to  route  each  train  to 
best  advantage. 

GRS  has  a  complete  line  of  control  and  indicating 
systems,  with  speeds  and  capacities  to  fit  your  traffic 
needs.  Ask  for  more  information. 


GENERAL  RAILWAY 


SIGNAL  COMPANY 


ROCHESTER    2.    NEW    YORK. 
NEW  YORK    17    •    CHICAGO   1     •     ST.    LOUIS   1 


The  custom-built  assembly  shown 
above  and  to  the  right  is  an  all-purpose 
rig  designed  to  give  maximum  flexibility 
in  coating  and  painting  work.  It  was 
designed  for  field  application  of  paints, 
lacquers,  vinyls,  cutback  asphalts, 
creosotes,  heavy  oils  and  greases. 

It  uses  the  economical  Graco  Hydra- 
Spray  Process,  and  proves  once  again, 
you  get  the  job  done  faster  and  better 
with  Graco  than  with  any  other  coat- 
ing system. 

If  speed  of  coating  application,  and 
material  savings  are  important  to  you, 
write  today  for  all  the  details  of  the 
Graco  Hydra-Spray  Process. 


FREE! 


Graco  Engineers  are  prepared  to  help  you  in  the  design  of  your 
paint  and  material  spray  assemblies.  Your  Graco  Railway  Rep- 
resentative will  be  glad  to  explain  the  many  benefits  of  this 
service.  Write  or  call  him  .  .  .  today! 


Graco 

GRAY  COMPANY,  INC. 

MINNEAPOLIS  13,  MINNESOTA 


RAILWAY  DEPARTMENT  i 

JOHN  P.  McADAMS,  Eastern  Sales  Representative 
2304  Wilson  Boulevard,  Arlington,  Virginia 


CHICAGO— (Broadview,  III.) 

R.  D.  Worley 

3030  South  25th  Ave. 

CLEVELAND 

M.  H.  Frank  Company,  Inc. 
1202  Marshall  Building 

HOUSTON 

Houston  Railroad  Supply  Co. 
1610  Dumble  Street 


PHILADELPHIA 

The  A.  R.  Kidd  Co. 

1036  Suburban  Station  Bldg. 

LOUISVILLE 

T.  F.  &  H.  H.  Going 
6308  Limewood  Circle 

ST.  LOUIS 

The  Carriers  Supply  Company 
818  Olive  Street 


NEW  YORK— Newark,  New  Jersey 
R.  A.  Corley 
744  Broad  Street 

SAN  FRANCISCO 

The  Barnes  Supply  Company 
Rm  504,  74  Montgomery  Street 

TWIN  CITIES— St.  Paul,  Minn. 

The  Daniel  L.  O'Brien  Supply  Company 
Endicott-On-Fourth  Bldg. 


WASHINGTON— Arlington,  Va. 

Southeastern  Railway  Supply,  Inc. 
2304  Wilson  Blvd. 


MONTREAL— Ontario,  Canada 

International  Equipment  Co.,  Ltd. 
360  St.  James  Street  West 


theJACKSON  TRACK  MAINTAINS 

offers  this  unbeatable  combination 

unmatched  versatility:  The  JACKSON  MAINTAINER  is  the  ONLY  ma- 
chine that  will  give  you  perfect,  long  lasting  tamping  in  all  production  work 
regardless  of  height  of  track  lift  in  any  kind  and  size  of  ballast.  It  is,  also,  by 
far  the  best  tamper  for  every  kind  of  smoothing  and  spotting  job  where  top 
quality  is  demanded,  top  speed:  True  maximum  footage  rates  of  highest 
quality  tamping  is  the  day  in  and  day  out  performance  of  the  MAINTAINER 
true  economy:  The  exceptionally  high  quality  of  tamping  achieved  with 
the  MAINTAINER  is  longer-lasting  .  .  .  and  hence,  considerably  more  eco- 
nomical in  the  long  run.  Machine  maintenance  and  repair  are  the  lowest  by 
comparison,  outstanding  reliability:  More  than  any  machine  in  its  class, 
the  MAINTAINER  is  ready  to  go  and  stay  on  the  job  with  only  ordinary  routine 
care  and  minor  adjustment  to  job  conditions,  unequalled  service: 
JACKSON  backs  the  MAINTAINER  with  field  engineers  who  have  the 
experience  and  know-how  to  capably  and  wholeheartedly  assist  you  with  all 
phases  of  use,  care,  operation,  application  and  methods  for  getting 
everything    possible  from  your  JACKSON  TRACK  MAINTAINER. 


JACKSON 

nniiiiK 


IUDINGTON.    M 


Write,  wire  or  phone  for  complete  information 
and  details  of  our  attractive  acquirement  plan. 


the  most  efficient  use 

of  hydraulics  ever 

applied  to  a  tamper! 

TAMPING   UNIT  DOUBLE  CLUTCHES   ELIMINATED 
BY  REVERSIBLE    HYDRAULIC  MOTORS! 


HERE  IS  the   world's  highest   tamping   efficiency. 

This  machine  retains  the  unbeatable  Matisa  principle 
of  vibration-compaction  tamping  with  the  machine 
load  always  on  tamped  track,  but  now  has  many  PLUS 
features. 

For  details,  write  for  the  New  Matisa  Speedtamper 
brochure. 


1020    Washington    Avenue 


EQUIP  ME  N  T/C  ORPORATION 


Chicago    Heights,   Illinois 


■ff,  H  ■■■■   I    -^— wr-^ „mk  ~ 


MATISA  opens  fixed  locat 


t  in  Birmingham 


Welded  Rail  Shipments 
Now  Faster,  Cost  Less 

Continuing  the  "Story  of  Welded  Rail"  as 
pioneered  by  Matisa,  new  chapters  are  con- 
stantly being  added. 

Refined  techniques  to  increase  the  safety 
of  the  "already  safest"  rail  weld— to  in- 
crease production  speed  of  the  "already 
fastest"  rail  weld  and  to  decrease  the 
cost  of  the  "already  least  expensive"  rail 
weld  are  constantly  improving  delivery, 
efficiency  and  cost  features  of  Matisa 
Thoroweld   Continuous  Welded   Rail. 

The  latest  addition  to  the  Matisa  service 
is  this  new  plant  location  in  the  Birming- 
ham switching  district.  Added  to  the 
Chicago  switching  district  plant  in  Argo, 
Matisa  rail  welds  are  now  available  to 
small  as  well  as  large  railroads. 


MATISA    RAILWELD,    INC 

1020  Washington  Ave.,  Chicago  Heights,  III 


Never  leaves  you  in  the  dark 


Wayside  signs  of  "Scotchlite"  Reflective  Sheeting  light  up,  bold  and 
bright,  in  headlamp  beams.  Trainmen  see  them  far  down  the  track, 
even  in  bad  weather.  You  get  improved  train  control,  greater  opera- 
tional safety  .  .  .  yet  RTC  signs  cost  you  less!  No  costly  painting  or 
field  maintenance.  Long-lasting  signs  for  your  entire  system  can  be  mass- 
produced  in  one  central  sign  shop.  Crossbucks,  too.  See  how  much 
money  your  road  can  save  with  RTC.  See  your  3M  Representative. 


REFLECTIVE     SHEETING 


St.    Paul    6,   Minn. 


Kershaw  Trackwork  Machines 

rP— Ml|  * 

«?<■•      i-JJl. 


Designed,  Tested,  and   Proven 
on  America's  Railroads 


Kershaw 


MANUFACTURING  CO. 


MONTGOMERY 


ALABAMA 


Trackwork  Equipment  Developed  and  Proven  On  the  Job 

Heavy  Duty  Ballast  Regulator,  Scarifier  and  Plow,  Standard  Ballast  Regulator,  Scarifier 
and  Plow,  Track  Broom,  Super  Jack-All,  Standard  Jack-All  Kershaw  Kribber,  Two- 
Wheel  Kribber,  Tie  Bed  Cleaner,  Track  Undercutter-Skeletonizer,  Ballast  Cleaner, 
Multiple  (Spot)  Tamper,  Foreman's  Sight  Car,  Crib-Adze,  Rail  Re-Layer,  Mocar 
Crane,  Track  Crane  and  Tie  Inserter,  Utility  Derrick,  Two-Ton  Rail  Derrick,  Chemical 
Spreader  Car,  Tie  Replacer,  and  Universal  Side  Set-Off  Assembly. 


CONTINUOUS  RAIL 

—Quickly,  Economically  with  the 

RAIL  WELDING 


A  typical  transformer  sub-station  furnish- 
ing commercial  power  for  NCG  Automatic 
Rail  Welding  System. 


When  "Flashing"  stops,  the  weld  upset  is 
sheared.  The  weld  is  then  ground  with 
abrasive  belts  to  a  smooth  surface. 


Now  small  work  crews  do  a  big,  fast 
job  with  the  continuous,  highly 
automated  NCG  Rail  Weldirtg  System 
using  commercial  electricity. 
Time-wasting  annealing  and 
normalizing  are  eliminated.  All 
operations  are  automatic,  under 
push-button  control. 

The  NCG  Rail  Welding  System  brings 
the  highly  desired  advantages  of 
continuous  rail  to  many  roads  which 
previously  deemed  it  beyond  budget 
acceptance.  It  may  be  purchased 
or  leased.  Write  for  details  now. 
NATIONAL  CYLINDER  GAS,  DIVISION 
OF  CHEMETRON  CORPORATION 
840  N.  Michigan  Ave.,  Chicago  11,  111. 


NCG 


A  pusher  moves  strings  of  welded  rail 
onto  flat  cars  ready  for  shipment. 


NATIONAL  CYLINDER  GAS 

TJovwcervo/,       C  hi  e  met  rot*  •aZZ^rv 


C>1961  Chemetron  Corporation 


RGANIZED 


ECHANIZATION 


JwU 

with  NORDBERG 
'THecUtUcal  TKuttU*® 

will  give  you  Maximum  Maintenance  Economy 

"Organized  Mechanization"  is  the  most  effective  grouping 

of  Nordberg   track   maintenance   equipment   into   efficient 

working   teams.    In   this  way,   these   machines — which  are 

efficient  and  effective  individually — can  be  made  even  more 

productive. 

These  Nordberg  Mechanical  Muscles  can  help  you 

cut  maintenance  costs: 

Line  Indicator 

Midget 

Line  Indicator 

Power  Jack 

Power  Wrench 

Rail  Drill 

Rail  Grinders 

Rail  Snapper 

Screenex® 

Spike  Hammer 

Spike  Puller- 
Hydraulic 


Adzer— 
Self-Propelled 

Ballast  Router 

Ballastex® 

Cribex® 

DSL  Yard  Cleaner 

Dun-Rite'  Gaging 

Machine  and  Bronco 

Gandy^Tie  Puller 

and  Inserter 

Gandy-Snapper 

Gang  Tamper 


Spike  Pullers- 
Mechanical  and 
Self-Propelled 
Surf-Rail  Grinder 
Switchliner 
Tamping  Power  Jack 
Tie  Drill 
Trakliner® 
Trackshifter 
Trak-Surfacer 
Midget  Surfacer 
Trak-Sweeper 


Write  for  LEASING  Plans 

NORDBERG  MFG.  CO.,  Milwaukee  1,  Wisconsin 


©1961,    N.M.  CO 


at 

your 

service 


for 

all    types   of   cranes 

diesel   wreckers 

pile   drivers 

buckets 


ORTON 


CRANE    &    SHOVEL    CO. 

608       S.       DEARBORN      ST. 
CHICAGO      5,      ILLINOIS 

DANIEL  A.   COVELLI 

R«pr«s«ntativ«i    in    Principal    Cities 


for  effective 
weed  control... 


■  Concentrated  BORASCU® 

■  POLYBOR-CHLORATE® 

■  UREABOR® 

.  MONOBOR-CHLORATE® 


These  borate  weed  killers  are  proving  best 
for  roads  in  every  way . . .  efficiency,  safety, 
economy,  convenience,  easy  application. 


Today's  use  of  borates  for  maximum  control  of 
vegetation  began  years  ago  with  our  pioneer 
work  in  the  field.  Continued  research  has 
developed  the  group  of  herbicides,  listed  above, 
which  most  roads  now  favor  for  every  phase  of 
weed  control.  These  four  weed  killers  are 
nonselective.  They  are  widely  used  for  year- 
round  maintenance  of  weed-free  conditions 
about  trestles,  tie  piles,  yards,  signals,  switches, 
and  rights  of  way.  Find  out  how  you,  too,  can 
do  a  better  job  on  weeds . . .  write  today . 

AGRICULTURAL  SALES  DEPARTMENT 

^® 


BORAX 


630    SHATTO    PLACE     •     LOS    ANGELES    5,    CALIFORNIA 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

D0£S  All  JOBS* 


ROOTS  AND  LOADS  TIES 


LAYING  WELDED  RAIL 


CUTS     MAINTENANCE     COST! 


72  FAST  CHANGE  ATTACHMENTS 


•  Forks 

•  VA   Cu.  Yd.   Bucket 

•  Tote   Hook 

•  18'  Boom  Extension 

•  Fork  Tie  Baler 

•  Track   Cleaning   Bucket 


•  Back  Hoe 

•  Clamshell 

•  Back   Filler  Blade 

•  Pull   Drag   Bucket 

•  4  Cu.   Yd.   Snow  Bucket 

•  Pile  Hammer 


Optional  Attachment 
Flanged   Wheels,   Hydraulically   Controlled 


9    WIDE   TRACK   CLEANING   BUCKET 


PETTIBONE  MULLIKEN  CORPORATIOI 

RAILROAD^g|ifc.    DIVISION 

141    W.   J  A  C  K  S  O  N^^"?^^*  CHICAGO  4,   III. 

80   Years  of  Service 
to  the  Railroad  Industry 


VEGETATION  CONTROL 

CHEMICALS 


READE  MANUFACTURING  COMPANY,  INC. 

Jersey  City — Chicago — Minneapolis — Kansas 
City — Birmingham — Stockton 

SERVING  RAILROADS  OF  AMERICA  FOR 
MORE  THAN  FORTY  YEARS 
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Here  are  the  up-to-date  facts  on  the  SPENO  Ballast 
Cleaning  and  the  SPENO  Rail  Grinding  Services 


BALLAST  CLEANING 

SPENO  Engineering  and  Research  has  de- 
veloped a  superior  screening  arrangement  so 
that  we  arc  now  using  an  improved  Ballast 
Cleaner  with  greater  efficiency. 

RAIL  GRINDING 


Our  Rail  Grinding  Service  has  been  so  well 
received  we  arc  now  building  a  THIRD  Rail 
Grinding  Train  to  take  care  of  the  increased 
demand 

SPENO  is  constantly  developing  means  fur 
better  service  to  make  uire  that  the  Railroads 
receive  everything  they  pay  for  —  and  more 


A^"/fe  fife  ^ac^a^s  J%a£~nat/e  uset& as. 


Ml  Ml 


FRANK  SPENO  RAILROAD  BALLAST  CLEANING  CO.,  INC. 


306  North  Cayuga  Si. 
Ithaca,  N.  Y. 
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oor  &   Company,    (Inc.) 
York  7,   N.  Y. 

Hubbard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 

Hubbard  Tool  Division 

UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 


t 


Unit  Rail  Anchor 

UNIT  RAIL  ANCHOR  DIVISION 


UNIT  RAIL  ANCHOR  CORPORATION 

NEW  YORK  PITTSBURGH  CHICAGO 


FOR  MORE  ON-TRACK  PRODUCTION  TIME 
MECHANIZE  WITH  A 

MULTI-GANG* 

PACKAGE  UNIT 


This  versatile  unit  Tamps — Jacks — Lines — Removes  and  Inserts  Ties — 
Pulls  Spikes — Drives  Spikes — Bolts  and  Drills  Rails — Transports  Men, 
Tools    and    Material. 

For   complete    information    contact: 


LIMITED,   Railway  Division 

160    St.    Joseph    St.,    LACHINE,    Montreal    32,    Canado 

INC.,         53   Court   St.,   P.O.   Box   778 
PLATTSBURGH,   N.  Y. 


Sales    and    Service    Repiesentatives    Located    Throughout    Canada    and    the    U.S.A. 

*  Patenfi   Pending 


ylEs  WOODINGS-VERONA  TOOL  WORKS 

^^f  Pioneer  Manufacturers 

oi 

HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Since  1873 


VERONA.  PA. 


CHICAGO.  ILL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

of 

WOODINGS  RAIL  ANCHORS 

VERONA.  PA. 

CHICAGO.  ILL. 

'po*  1fo«rt,  FROGS.    SWITCHES    AND    CROSSINGS 


America's  Most  Complete 
Line  of  Track  Specialties 


Depth  Hardened  Manganese 
Steel  Crossings 
Manganese  Steel  Gvaid  Rails 
Vertical  Switch  Rods 
Switch  Point  Locks 
Automatic  Switch  Stands 
Samson  Switch  Points 
Rail  and  Flange  Lubricators 
Adjustable  Rail  Braces 


Ramapo's  facilities,  strategically  located  from  coast  fo 
coast,  are  ready  to  serve  the  needs  of  America's  railroads. 
To  help  better  serve  the  needs  of  the  railroad  industry, 
American  Brake  Shoe's  modern  research  laboritories  A  dre 
constantly  used  by  Ramapo  Ajax  Division  for  the  develop- 
ment, test  and  analysis  of  materials  and  devices.  Here  a 
continuous  study  against  the  forces  of  wear,  impact  and 
strain  is  conducted  with  the  aim  of  producing  and  offer- 
ing America's  railroads  the  best  material  and  equipment 
for  the  specific  job.  Any  of  the  plants  -k  (all  have  sales 
offices)  or  sales  offices  •  nearest  you,  shown  in  the  map 
above,  are  ready  to  serve  and  help  you  with  any  of  your 
trackwork  problems. 


BtakeShoe 


RACOR 


RAILROAD  PRODUCTS  DIVISION 

230  Park  Avenue,  New  York  17,  New  York 


Assure  lower  maintenance  costs, 
better  performance  with... 


TEXACO 

Railroad  Lubricants 

and  Systematic 

Engineering  Service 


TEXACO  inc. 

RAILWAY  SALES  DIVISION 

135  East  42nd  St.,  New  York  17,  N.  Y. 


NEW  YORK    •    CHICAGO    •    SAN  FRANCISCO    •    ST.  LOUIS    •    ST.  PAUL    •    ATLANTA 

mmmsmmmm 


JMPR@V]EJD    jIPOWBR 


A  COMPLETE  LINE 
OF  SPRING  WASHERS 


THE   NATIONAL  LOCK  WASHER  CO. 

Newark  N.  J.,   U.  S.  A. 


P.  O.   Box   10378 


LOgan   6-7922 


GREENHEART,   INC. 

1431    N.  E.   26th   Street 
FORT  LAUDERDALE,   FLORIDA 

President — John   L.  McEwen — Quarter  Century  Experience 

IMPORTERS: 

Greenheart  Piles,  Lumber,  Timbers  Long  Length 
E.G.    12"x  12"  up  to  60  Feet 


Teak  and   other  Woods  from   Burma,  Siam,  Australia, 
Africa   and  South   America 


Channrloc  rail  anchors  pack  a  lot 
of  metal — working  metal. 

This  massive,  one-piece  anchor  is 
forged  from  a  solid  bar  of  tempered 
steel.  Its  U-channel  provides  rugged 
double- flange  support  for  greatest 
holding  power.  It  has  thorough  and 
even  heat  treating.  Plenty  of  reserve 


gripping  power  for  reapplication. 
And  you  can  install  the  Channeloc 
with  sledge,  maul  or  machine. 

True  Temper  will  be  glad  to  help 
you  see  that  anchors  are  properly 
applied.  Contact  True  Temper, 
Railway  Appliance  Division,  1623 
Euclid  Avenue,  Cleveland  15,  Ohio. 


ml  RUE  I  EM  PER 


CHANNELOC  RAIL  ANCHOR 


Aeroquip  Flexible  Hose  Lines 
Save  Money  Two  Big  Ways 


qyip  1534 


Hot  Water,  Lube  and  Fuel  Oil  Lines 


~'-^f 


Steam  and  Hot  Air  Lines 


Aeroquip  Flexible  Hose  Lines  offer 
two  big  savings  on  diesel  locomotive 
maintenance.  First,  they  provide  long, 
trouble-free  service  because  they  re- 
sist the  effects  of  engine  vibration. 
Second,  the  fittings  are  reusable.  By 
assembling  hose  lines  from  bulk  hose 
and  reusable  fittings,  you  can  cut 
replacement  costs  from  30  to  50%. 
Call  your  authorized  Aeroquip  repre- 
sentative or  write  for  Catalog  No.  401. 


ROQUIP  2556 


.eroquip 


Gauge  and  Engine  Lines 


AEROQUIP  CORPORATION,  JACKSON,  MICHIGAN 

INDUSTRIAL  DIVISION,  VAN  WERT,  OHIO 

WESTERN  DIVISION,  BURBANK,  CALIFORNIA 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


Specify  Aeroquip  Air  Hose  Lines 
For  Economy  and  Dependability 


IT   PAYS   TO   SPECIFY 
AEROQUIP   AIR   HOSE 

•  Low  Initial  Cost 

•  Long  Wearing 

•  Reusable  Fittings 


Aeroquip  Air  Hose  Lines  provide  maximum 
economy  on  all  air  brake  and  signal  appli- 
cations. They  can  be  made  up  as  needed 
in  your  own  maintenance  shop  from  a  small 
inventory  of  Aeroquip  Bulk  Hose  and  Re- 
usable Fittings.  The  fittings  are  easily  de- 
tachable and  can  be  used  over  and  over 
for  added  savings  in  future  replacements. 
These  tough  hose  lines  provide  long,  de- 
pendable service,  too.  For  information  call 
your  Aeroquip  factory  representative  or 
write  for  Catalog  No.  401. 


eroquip 


AEROQUIP  CORPORATION,  JACKSON,  MICHIGAN 

INDUSTRIAL  DIVISION,   VAN  WERT,   OHIO 

WESTERN   DIVISION,   BURBANK,  CALIFORNIA 


HYKIL 


WEED 
KILLERS 

•  Nationally  Available!       •  Made-to-order! 

Now  .  .  .  HYKIL  Weed  Killers  are  available  from  distribution  points 
throughout  U.  S.  Regardless  of  your  local  weed  problem,  HYKIL  can  solve 
it  with  a  made-to-order  weed  killer  and  supply  you  .  .  .  quickly  ai>fl 
economically.  Having  years  of  experience  in  the  field  of  specialized  railroaJ 
vegetation-control,  HYKIL  can  supply  you  with  the  correct  aromatic,  oil- 
based  herbicide  for  your  problem;  can  apply  it  for  you  under  contract 
.  .  .  using  the  finest  equipment;  or  can  build  for  your  specific  needs,  the 
proper  equipment  to  do  the  job. 

Whatever  your  weed  problem  .  .  .  call,  write  or  wire  for  a  quick  solution. 


{?v00tIMMUl— 


INCORPORATED 

1021    FRUIT  STREET  2200  WEST  75,M  STREET 

SANTA  ANA,  CALIF.  KANSAS  CITY  15,  MO. 
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HVKIL 


vegetation  control 

and 

railway  work  equipment 


Model  N  U  Tie  Cutter 


HERE  IS  THE  WINNING  TEAM 

The  Woolery  NU  Tie  Cutter  and  the  Woolery  Tie-end  Remover  preserve  the  line  and  surface 
of  the  track  and  at  the  same  time  reduce  the  cost  of  tie  renewals.  Ties  can  be  removed 
without  trenching,  jacking  up  track  or  adzing  tops  of  rail-cut  ties.  With  this  team  you  simply 
cut  both  ends  of  tie,  pry  out  center  piece,  insert  in  its  place  the  tie-end  remover  and  out 
go  the  tie  ends  pushed  by  the  double  acting,  double  ended  hydraulic  cylinder  of  the  Tie- 
end  remover. 


FOR  HIGHEST  EFFICIENCY  USE  TWO  TIE  CUTTERS  WITH  ONE  TIE-END  REMOVER 


WOOLERY  MACHINE  COMPANY 


MINNEAPOLIS,  MINN. 


^BorTunCo  group 

BorTunCo  has  an  established  record  with  engineers  and 
contractors  for  capable   sub-contract  job  performance0 


ROAD  BORING  AND 
TUNNELING  COMPANY,  INC. 
Road  Boring  for  Municipal  and 
Industrial   Utilities   in   Texas,  Okla- 
homa  and   Arkansas. 


TEXAS  ROAD  BORING 

COMPANY  OF  LA-MISS. 

Road   Boring  and  Tunneling  for 

Municipal  and  Industrial  Utilities 

in  Louisiana  and  Mississippi. 


BORING  AND 

TUNNELING  COMPANY 

OF  AMERICA 

Road  Boring  and  Tun- 
neling for  Municipal 
and  Industrial  Utilities 
throughout  the  remain- 
der of  the  U.  S. 


TEXAS 
TUNNELING  COMPANY 

Tunneling  —  Pipejack- 
ing  —  Multiplate  Instal- 
lations; also  furnishes 
equipment  and  super- 
vision for  other  divi- 
sions throughout  the 
U.S. 


HORIZONTAL 
HOLES,  INC. 

Specializes  in  complete 
turnkey  road-crossings 
throughout  the  U.  S. 
for  Cross-Country  Gas, 
Oil  and  Products  Pipe- 
lines. 


BORING  AND  TUNNELING  CO.  OF  AMERICA 

2902   Ricks  Road         •         P.  O.  Box   14214         •         Houston,  Texas 


3920  Monro*  Road 

Charlotte  5, 

North  Carolina 


P.  O.  Box  4755 

Audubon  Station 

Baton  Rouge  8,  La. 


JA  6-2755 

5515  R.dfl.ld 

Dallas  35, 

Texas 


'Negotiations  and  inquiries  strictly  confidential. 


THE  TRASCO 
AUTONOMIC  CAR  RETARDER 

CLAMPS  IN  PLACE 
ANYWHERE  IN  TRACK 

SIMPLE  —  EFFECTIVE  —  INEXPENSIVE 


TRACK  SPECIALTIES  CO. 

GENERAL   MOTORS    BLD6. 
NEW  YORK  19,  N.  Y. 


On 


